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(54) NEW HERBICIDAL 3-BENZYL-PYRIDAZINE 
DERIVATIVES 



10 



15 



(71) We, MAY & BAKER LIMITED, 
a British Company, of Dagenham, Essex, 
do hereby declare the invention for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to new p3^ida2ine 
derivatives, processes for their preparation, 
herbicidal compositions which contain them, 
and their use as herbicides. 

According to the present invention, there 
are provided the new pyridazine derivatives 
of the general formula:— 



20 



25 



30 



wherein R^ represents a fluorine, chlorine, 
bromine or iodine atom or an alkyl, alkoxy, 
alkylthio, alkylsulphonyl, nitro, trifluoro^ 
methyl, cyano, alkoxycarbonyl, carboxy, 
aminocarbonyl, amino, monoalkylamino or 
dialkyiamino group, R^ represents a hydrogen 
atom or an alkyl group, R^ represents a 
hydrogen, fluorine, chlorine or bromine atom 
or an alkyl, methoxy, ethoxy or hydroxy 
group, or R^ and R^ together represent an 
oxygen atom or a hydroxyimino (i.e..= NOH) 
group, R"* represents a hydrogen atom or an 
alkyl group, and n represents zero ^ or an 
integer from 1 to 5 inclusive, and agricultur- 
ally-acceptable salts thereof, which ^ com- 
pounds possess useful herbicidal activity. By 
the term 'agriculturally-acceptable salts' as 



used in the present specification is meant 
salts the anions and, when R^ represents a 
carboxy group, the cations of which are 35 
known and accepted in the art for the forma- 
tion of salts of herbicidally-active bases and, 
when R^ represents a carboxy group, acids 
for agricultural or horticultural use, for ex- 
ample salts of inorganic acids, e.g. hydro- 40 
chlorides, and, when R^ represents a carboxy 
group, alkali metal, e.g. sodium or potassium, 
salts, alkaline earth metal, e.g. calcium or 
magnesium, salts and salts with strong or- 
ganic bases, e.g. triethylamine, monoethanol- 45 
amine, diethanolamine, triethanolamine and 
morpholine. It is to be understood that where 
reference is made in the present specification 
to tiie tise of the compounds of general for- 
mula I as herbicides to control ite growth 50 
of weeds, or to compositions containing them, 
such reference is intended to include also 
their agriculturally-acceptable salts. Alkyl 
groups represented by the symbols R^, R^^ 
R^ and R^ and the alkyl moieties of alkoxy, 55 
alkylthio, alkylsulphonyl, alkoxycarbonyl, 
monoalkylamino and dialkyiamino groups rep- 
resented bv the symbol R^ m^y be straight- 
or branched-chain and contain from 1 to 6 
carbon atoms. When n represents an integer 60 
from 2 to 5 inclusive, the atoms and groups 
represented by the symbol R^ may be the 
same or different. Atoms or groups represented 
by the symbol R^ may be attached to any 
of the positions of the benzene ring. ^ 65 

As will be apparent to those skilled in 
the art, compounds depicted in general for- 
mula I may exist in isomeric forms. Com- 
pounds of general formula I wherein the 
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atoms or groups represented by the 
symbols and are different may 

exist in optical, i.e. stereoisomeric, forms. 
Compounds of general formula I wherein 
R^ and R^ together represent a hydroxy- 
imino group may exist in geometrically 
isomeric forms. The present invention com- 
prises all isomeric forms of compounds de- 
picted in general formula I and mixtures, 
including racemic mixtures, thereof. 

Accordingly, a feature cf the present inven- 
tion is a method for controlling the growth 
of weeds (i.e. undesired vegetation) at a locus 
which comprises applying to the locus a herbi- 
cidally effective amount of at least one pyrid- 
azine derivative of general formula I. For 
this purpose, the pyridazine derivatives are 
normally used in the form of herbicidal com- 
positions (i.e. in association with compatible 
diluents or carriers suitable for use in herbi- 
cidal compositions), for example as herein- 
after described. 

The compouiKli of general formula I show 
herbicidal activity against monocotyledonous 
(e.g. grass) and dicotyledonous (i.e. broad- 
leafed) weeds by pre- and post-emergence 
application. By the term 'pre-emergence 
application* is meant application to die soil 
in which the weed seeds or seedlings arc 
present before emergence of the weeds above 
the surface of the soil. By the term 'post- 
emergence application' is meant application 
to the aerial or exposed portions of the weeds 
which have emerged above the surface of 
the soil. For example, the compotmds of gen- 
eral formula I may be used to control the 
growth of annual grass weeds, such as wild 
oats (Avem spp., e.g. Avem fatua), black- 
grass (Alopecurus spp., e.g. Alopecurus 
myosuroides), foxtails (Setaria spp., e.g. 
Setaria viridis), barnyard grass (EchinocMoa 
spp., e.g. EchinocMoa crus-galU), Eleusine 
spp,, e.g. Eleusine indica, Bromus spp., crab- 
grass (Digitaria spp., e.g. Digitaria smqtdn- 
dis), ryegrass (Ldiunt spp., e.g. Lolium 
perenne), Poa spp., e.g. Poa annua, PaspaJum 
spp., e.g. Paspalum dilatatum, silky bent 
(Apera spica-venti) and Sorghum hdepense, 
and perennial grass weeds, e.g. Agropyron 
repens, A grostis spp,, e.g. Agrastis stolonifera 
and Agrastis gigantea, Holcus mollis and 
broad leaf species such as fat hen (Cheno- 
podium spp., e.g. Chenopodium album ), pig- 
weeds (Amaranthus spp., e.g. Amarmthus 
retroftexus), Polygonum spp,, (e.g. Poly- 
gonum lapathifoHum, Polygonum convolvulus 
and Polygonum avictdare), chickweeds 
Stellaria spp., e.g. Stellaria media), bedstraws 
[Gallium spp., e.g. cleavers (Gdium apar- 
ine)], Lamium spp., mayweeds (Matricaria 
spp., e.g. Matricaria inodora ), Portulaca spp., 
e.g. Portulaca oleracea, Papaver rhoeas, Cap- 
sella bursa-pastoris, Sinapis spp., e.g. Sinapis 
arvensis, Thlaspi arvense, and Veronica spp., 



e.g. Veronica persica, by pre-emergence and 
post-emergence applications. The compounds 
of general formula I also show herbicidal 
activity against aquatic weeds such as Mono- 
choria vagindis and Roida indica and, par- 
ticularly, sedges such as Cyperus spp., e.g. 
Cyperus rotundus, Eliocharis spp., e.g. Elio^ 
charis acicularis and Fimbristylis spp. by pre- 
and post-emergence application and accord- 
ingly may be so-used to control tlie growth 
of those weeds. 

The amounts of compounds of general 
formula I applied vary with the nature of 
the weeds, die compositions used, the time 
of application, the climatic and edaphic con- 
ditions and (when used to control tihe growth 
of weeds in crop-growing areas) the nature 
of the crops. When applied to a crop-grow- 
ing area, the rate of application should be 
EuiBcient to control the growth of weeds 
without causing substantial permanent dam- 
age to the crop. In general, taking these fac- 
tors into account, application rates between 
1/4 kg. and 8 kg., and more particularly be- 
tween 1 kg. and 4 kg., of active material per 
hectare give good results, particularly with 
the preferred compounds mentioned herein- 
after, by pre-emergence application, and 
application rates between 1 kg. and 8 kg. 
of active material per hectare give good 
results, particularly with the preferred com- 
pounds mentioned hereinafter, by post-emer- 
gence application. However, it must be 
understood that higher or lower application 
rates may be used, depending upon the par- 
ticular problem of weed control encountered. 

The compounds of general formula I may 
be used to control the growth of weeds by 
pre-emergence application, for example to 
control the growth of those species herein- 
before mentioned in connection with this 
mode of application, and to control the growth 
of weeds by post-emergence application, for 
example to control the growth of those species 
hereinbefore mentioned in connection with 
this mode of application, to a locus of weed \\q 
infestation which may be an area used for 
growing crops, in particular beans, e.g. soya- 
beans, dwarf beans and dc beans, cotton, 
peas, flax (linum usitatissimum), sugar-beet 
Tomatoes, groundnuts, sunflowers, Brassicas, 
e.g. oil seed rape, cabbage, broccoli and Brus- 
sels sprouts, potatoes and cereals, e.g. barley, 
wheat, sorghum, maize, rye and rice, by appli- 
cation before or after the crop has emerged 
above the surface of the soil. 

The compounds of general formula I are 
particularly suitable for use in the control 
of: 

a) grass and broad-leafed weeds in crops 
of winter wheat, barley, rye, winter oil seed 
rape, Brassicas, winter beans, cotton, soya- 
beans, sugar-beet, peas, potatoes, tomatoes and 
maize, by application to the soil before weeds 
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and crops emerge, more particularly (1) for 
the control of wild oats^ blackgrass (e.g. 
Alopecurus myosuroides), silky bent (Apera 
spica-venti), annual meadow grass (Poa 
5 annua) 3 ryegrass (e.g. Lolium pererme), 
chickweeds (e.g. Stellaria media)) mayweeds 
(e.g. Matricaria inodora), Veronica persica, 
Papaver rhoeas and cleavers in winter wheat, 
barley, rye, winter oil seed rape, Brassicas 

10 and winter beans, and (2) for die control 
of crabgrass (e.g. Digitaria sanquindlis), 
bariiyard grass (e.g. EchinocMoa crus-galH), 
Eleusine indica, foxtails and pigweeds in 
cotton, soyabeans, dwarfbeans, sugar-beet, 

15 peas, potatoes, tomatoes and maize, 

b) grass and broad-leafed weeds in crops 
of maize, rice, sorghum, sugar-beet, cotton, 
beans, e.g. soyabeans, potatoes and tomatoes, 
by application to the soil before weeds emerge 

20 but after the crop emerges or is transplanted, 
more panicularly (1) for the control of 
Eleusine spp., barnyard grass, crabgrass, fox- 
tails and pigweeds in emerged crops of maize, 
rice, sorghum, sugar-beet, cotton and soya- 

25 bean and (2) for the control of chickweed, 
mayweed, Capsella hursa'pastoris^ ./wild oats 
and blackgrass in emefged crops of sugar- 
beet, Brassicas, beans, potatoes and tomatoes, 

c) grass and broad-leafed weeds in crops 
30 of winter wheat,, winter oil seed rape and 

winter beans, by application to the foliage 
of seedling weeds before or after the crops 
emerge, more particularly for the control of 
wild oats, blackgrass (e.g. Alopectmts myasur- 

35 oides), silky bent, annual meadow grass, rye- 
grass (e.g. Lolium perenne), chickweeds (e.g. 
Stellaria media), mayweeds (e.g. Matricaria 
inodora), Veronica persica, Papaxuar rhoeas 
and cleavers, and 

40 d) for use as a residual soil treatment to 
prevent competition from germinating seeds 
of the grasses hereinbefore mentioned and 
volunteer barley and wheat, and the broad- 
leafed weeds hereinbefore^ mentioned, in the 

45 crops hereinbefore mentioned from the time 
of application imtil the crop becomes well 
established, for example (1) to prevent the 
germination of seeds of Eleusine spp., crab- 
grass, barnyard grass and foxtails in emerged 

50 crops of maize, rice and sorghum and (2) 
to prevent the germination of seeds of chick- 
weeds, wild oats, mayweeds and fat-hen in 
emerged crops of sugar-beet, oil seed rape, 
dwarf beans and potatoes. 

55 The compounds of general formula I may 
be applied before sowing or planting of the 
crop, with, where necessary, incorporation in 
the soil in dry conditions, after sowing, but 
before emergence of the crop above the sur- 

60 face of the soil or after planting or emergence 
of the crop above the surface of the soil. 
The compounds of general formula I may also 
be used to control the growth of weeds by 
pre -emergence application to the soil or post- 



emergence to the foliage of the weeds in 65 
established, deep-rooted perennial crops, for 
example orchards, plantations, e.g. of rubber, 
oil palm and sugar-cane, and shrubberies, 
including areas used for growing fruit-bear- 
ing bushes such as black currants and red 70 
currants, and ornamental shrubs and bushes. 
When used for such purposes in which a 
total herbicide effect is frequently desired, 
the active compounds may be applied at rates 
higher than those normally used to control 75 
the growth of weeds in areas used for growing 
crops as herein described. The precise dosage 
will depend upon the nature of the area 
treated and the effect sought. 

Preferred compoimds of general formula I 80 
for the control of weeds according to the 
present invention are those wherein rep- 
resents a fluorine, chlorine, bromine or iodine 
atom or a methyl, ethyl, methoxy or ethoxy 
group, R* represents a hydrogen atom, R^ 85 
and R^ each represent a hydrogen atom, or 
R2 represents a methyl or etihtyl group and R^ 
represents a hydrogen atom, or R* represents 
a hydrogen atom and W represents a meth- 
oxy, ethoxy or hydroxy group, or R^ and 90 
R^ together represent an oxygen atom or a 
hydroxyimino group, and n represents zero 
or an integer from 1 to 3 inclusive, and more 
particularly zero, 1 or 2, the substituent(s) 
represented by the symbol R^ being prefer- 95 
ably in the 2-, 2,3- or 2,4-position(s) of 
the phenyl group when n rcpresQnts 1 or 
2. 

Particularly preferred compotmds of gen- 
eral formula I Tor the control of weeds are 100 
those wherein R^ represents a fluorine, chlor- 
ine or bromine atom or a methyl, ethyl or 
methoxy group, R^ represents a hydrogen 
atom and R^ represents a hydroxy group or 
R^ and R^ together represent an oxygen atom, 105 
R"* represents a hydrogen atom, n represents 
1 or 2 and the substituent(s) represented by 
the symbol R^ are in the 2-, 2,3- or 2,4-posi- 
tion(s) of the phenyl group, n preferably 
representing 1 and R^ being a chlorine atom 110 
in the 2-position of the phenyl group, and 
especially those wherein R^ represents a fluor- 
ine, chlorine or bromine atom or a methyl, 
ethyl or methoxy group, R^ represents a hydro- 
gen atom, R^ represents an ethyl group, R.^ 115 
represents a hydrogen atom, n represents 1 
or 2 and the substituent(s) represented by 
the symbol R^ are in the 2-, 2,3- or 2,4- 
position(s) of the phenyl group, and more 
especially those wherein R^ represents a 120 
fluorine, chlorine or bromine atom or 
a m^iibyl^ ethyl or methoxy group, R^ and 
R^ each represent a hydrogen atom or R^ 
represents a hydrogen atom and R^ represents 
a methyl or methoxy group, R^ represents 125 
a hydrogen atom, n represents zero or, prefer- 
ably, 1 or 2 and substituent(s) represented 
by the symbol R^ are in the 2-, 2,3- or 2,4- 
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position (s) of the phenyl group when n 
represents 1 or 2, or represents a chlorine 
atom, represents a hydrogen atom, 
represents a methyl group, represents a 
hydrogen atom, n represents 1 and the chlorine 
atom represented by the symbol R^ is in the 
3-position of the phenyl group. 

Individual compounds of particular value 
for the control of weeds are 3 - (2 - chloro - 
a - hydroxybenzyi)pyridazine, 3 - (2 - chloro- 
bexizoyl)pyridazine, 3 - (2 - methoxybenzoyl)- 
pyridazine and 3 - [1 - (2 - methylphenyl)- 
propyijpyridazine, and, more especially, 3 
(2 - methylbenzyl) pyridazine, 3 - (2 - meth- 
oxybenzyl) pyridazine, 3 - (2 - chlorobenzyl)- 
pyridazine^ 3 - (2 - fiuorobenzyi)pyridazinej 
3 - (2 - bromobenzyl)pyrida2ine, 3 - (2 - 
ethylben2yl)pyridazine, 3 - (2,4 - dimethyl- 
benzyl) pyridazine, 3 - (2,3 - dimethylbenzyl)- 
pyridazine, 3 - (1 - phenylethyl)pyrida2inej 
3 - [1 - (2 - methylphenyl) ethyl] pyridazine. 
3 - [1 - (2 - chlorophenyl) ethyl] pyridazine, 
3 - [1 - (2 - fluorophenyl)ethyl]pyrida2inei 
3 - [1 - (2 - bromophenyl) - ethyl] pyridazine. 
3 - [1 - (2 - methoxyphenyl)ethyl] pyrida- 
zine, 3 - [1 - (2 - ethylphenyl)ethyl]pyrida- 
zine, 3 - [1 - (2,4 - dimethylphenyl ) ethyl] - 
pyridazine, 3 - [1 - (4 - chloro - 2 - methyl- 
phenyl) ethyl] pyridazine, 3 - [1 - (2,3 - di- 
chlorophenyl) - ethyl] pyridazine, 3 - (2 - 
methyl - - ethoxybenzyl) pyridazine, 3 - 
(a,2 - dimethoxybenz^d) pyridazine, 3 - (2 - 
chloro - a - methoxybenzyl) pyridazine, 3 - 
(2 - bromo - a - methoxybenzyl) - pyrida- 
zine, 3 - (2 - ethyl - a - methoxybenzyl )- 
pyridazine and 3 - [1 - (3 - chlorophenyl)- 
ethyl] pyridazine. 

According to a feature of the present in- 
vention, the compounds of general formula 
I wherein R^, R* and n are as hereinbefore 
defined, R^ represents a hydrogen atom or an 
alkyl group and R^ represents a hydrogen 
atom or an alkyl, methoxy, ethoxy or hy- 
droxy group, i.e» the compounds of the gen- 
eral formula: — 



^1 




ir 



(wherein R^, R"* and n are as hereinbefore 
defined, R^ represents a hydrogen atom or a 
straight- or branched-chain alkyl group con- 
taining from 1 to 6 carbon atoms, and R^ 
represents a hydrogen atom or a straight- or 
branched-chain alkyl group containing from 
1 to 6 carbon atoms or a methoxy, ethoxy or 
hydroxy group), are prepared by reacting a 
compound of die general formula: — 



(wherein R\ R^, R«, R^ and n are as herein- 
before defined and R^ represents a methyl 
or ethyl group) with an add reagent capable 
of opening the furan ring, e.g. phenol or a 
dilute aqueous ethanolic solution of an in- 
organic acid, for example hydrochloric acid, 
followed by reaction of the compound formed 
with hydrazine. 

The reactions may convenfently be effected 
by treating the compound of general formula 
III with a dilute aqueous ethanolic solution 
of an inorganic acid, e,g. hydrochloric acid, 
at between 20" and lOO^C followed by the 
addition of an excess of hydrazine hydrate 
or, as is preferred, by heating a mixture of 
the compound of general formula III, phenol 
and hydrazine hydrate at 120° C. under reflux. 

According to a further feature of the 
present invention, the compounds of general 
formula I wherein R^, R* and n are as herein- 
before defined, R^ represents a hydrogen atom 
or an alkyl group and R^ represents a hydro- 
gen atom, i.e. the compounds of the general 
formula:— 



".V. 



IV 



(wherein R^, R*, R^ and n are as hereinbefore 
defined), are prepared by reacting a com- 
pound of the general formula: — 



III 



(wherein R^ R% and n are as hereinbefore 
defined) with an acid reagent, for example 
an inorganic acid, e.g. aqueous hydrochloric 
acid or, preferably, an organic acid, e.g. an 
alkanoic acid containing from 1 to 3 carbon 
atoms, more particularly formic acid, and 
hydrazine. Hydrazine may conveniently be 
employed in the form of a salt, e.g. the di- 
hydrochloride, or, preferably, in the form 
of its hydrate. The reaction may be efi'ected 
in an inert organic solvent, for example a 
lower alkanol, e.g. methanol or ethanol, at an 
elevated temperature, e.g. at between 50"* and 
100° C, and conveniently at the reflux tem- 
perature of the reaction mixture. It is to be 
understood that the qualification "lower" as 
used in this specification in relation to al- 
kanols means that the alkanol contains at 
most 4 carbon atoms. 

According to a further feature of the 
present invention, the compounds of general 
formula I wherein R^ R*^ and n are as herein- 
before defined, R=* represents a hydrogen atom 
and R^ represents a hydroxy group, i.e. the 
compounds of general formula: — 
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(wherein R^, and n are as hereinbefore 
defined), are prepared by reacting a compound 
of the general formula: — 

5 HCOC^V^^ 

(wherein R"* is as hereinbefore defined) with 
a compound of the general formula: — 

,.^,Gr'^'' VIII 

(wherein R^ and n are as hereinbefore defined) 

10 by heating the compounds of general formulae 
VII and VIII together in an inert organic 
solvent, having a suitably high boiling point, 
e.g. between lOC^C. and 200*'C., for example 
an aromatic hydrocarbon, e.g. p-cyraene, at a 

15 temperature at which carbon dioxide is freely 
evolved from the reaction mixture, e.g. at a 
temperature of from 120°C. to 160°C. and 
preferably at 140" C. 
According to a further feature of the 

20 present invention, the compounds of general 
formula I wherein R^, R* and n are as herein- 
before defined, R^ represents a hydrogen atom 
or an alkyl group and R^ represents a fluorine, 
chlorine or bromine atom, i.e. the compounds 

25 of general formula: — 

IX 

(wherein R^, R^, R^ and n are as hereinbefore 
defined and W represents a fluorine, chlorine 
or bromine atom), are prepared from com- 

30 pounds of general formula VI, and corres- 
ponding compounds in which the depicted 
hydrogen atom in that formula is replaced 
by an alkyl group containing from 1 to 6 
carbon atoms, by known methods for the 

35 conversion of a hydroxy group to a halogen 
atom, for example by treatment with a sul- 
phur or phosphorus halide, for example thionyl 
chloride or phosphorus tribromide, at a tem- 
perature between 20*^ C. and the boiling tem- 

40 perature of the reaction mixture, optionally 
in the presence of an inert organic solvent, 
for example an aromatic hydrocarbon, e.g. 
benzene or toluene. 

(By the term 'known methods' as used in 

45 the present specification is meant methods 
heretofore used or described in the chemical 
literature). 

According to a further feature of the pres- 



ent invention, the compoimds of general for- 
mula I wherein R^, R* and « are as herein- 50 
before defined and R^ and R^ together rep- 
resent an oxygen atom, i.e. the compounds of 
general formula: — 




(wherein R^, R* and n are as hereinbefore 55 
defined) are prepared from compounds of 
general formula VI (wherein R^, R* and n 
are as hereinbefore defined) by known meth- 
ods for the oxidation of a secondary alcohol 
group to a carbonyl group, for example by 60 
treating a compound of general formula VI 
with chromium trioxide in dilute sulphuric 
acid at ambient temperature or, preferably, 
with potassium permanganate at a tempera- 
ture of from 40^C. to 60° C. 65 

According to a further feature of the pres- 
ent invention, the compounds of general for- 
mula I wherein R^ and n are as hereinbefore 
defined, R^ represents a hydrogen atom or an 
alkyl group, R^ represents a hydrogen atom 70 
or an alkyl group and R* represents a hydro- 
gen atom, i,e. the compounds of general 
formula: — 




(wherein R^, R^ and w are as hereinbefore 75 
defined and R^ represents a hydrogen atom 
or a stt-afght- or branched-chain alkyl group 
containing from 1 to 6 carbon atoms), are 
prepared by the reductive dehalogenation of 
a compound of the general formula: — 80 




XII 



(wherein R^, R^, R^ and n are as hereinbefore - 
defined and Z represents a chlorine or bromine 
atom) by known methods. Reduction is prefer- 
ably carried out by hydrogenation with hydro- 85 
gen under moderate pressure e.g. at a pressure 
from 1 to 10 atmospheres, and at a tem- 
perature of from 10°C. to lOO^^C. in the 
presence of a hydrogenation catalyst, e.g. 
palladium on charcoal, in the presence of a 90 
base, e.g. ammonium hydroxide or magnesium 
oxide, in an inert organic solvent, for ex- 
ample a lower alkanol, e.g. ethanol. 

According to a further feature of the present 
invention, the compounds of general formula 95 
I wherein R^, R* and n are as hereinbefore 
defined, R^ represents a hydrogen atom or an 
alkyl group and R^ represents a hydrogen 
atom, i.e. compounds of general formula IV 
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(wherein 5 R*, R^ and n are as hereinbefore 
defined), are prepared by the reductive de- 
halogenation of a compound of general for- 
mula IX (wherein RS R\ R^ R' and n are 
as hereinbefore defined) by known methods, 
for example as hereinbefore described for the 
reductive, dehalogenation of compounds of 
general formula XII (wherein RS R% R^ and 
n are as hereinbefore defined) to compounds 
of general formula XI (wherein R\ R% R^ 
and n are as hereinbefore defined). 

Compounds of general formula III (wherein 
R^ R*, R% R% R^ and n are as hereinbefore 
defined) may be prepared by reacting a com- 
pound of the general formula: — 



XIII 



(wherein RS R% R^, R^ and n are as herein- 
before defined) with a halogen, e.g. chlorine, 
iodine or, preferably, bromine, in the presence 
of methanol or ethanol and a base, for ex- 
ample an alkali metal, preferably sodium, 
carbonate. 

Ckmpounds of general formula XIII 
wherein R^, R® and, w are as hereinbefore 
defined, R^ represents a hydrogen atom, and 
R^ represents a hydrogen atom, a straight- 
or branched-chain alkyl group containing from 
1 to 6 carbon atoms or a hydroxy group, i.e. 
compounds of the general formula: — 



XIV 



(wherein R^ R^ and n are as hereinbefore 
defined and R^" represents a hydrogen atom, 
a straight- or branched-chain alkyl group con- 
taining from 1 to 6 carbon atoms or a hydroxy 
group), may be prepared by the decarboxyla- 
tion of a compound of the general formula: — 



CR^)„--^<==^ 'lO 



XVI 



wherein R^, R^, R^** and n are as hereinbefore 
defined, and R^^ represents an alkyl group 
containing from 1 to 4 carbon atoms. Prefer- 
ably, hyckolysis is effected by treatment with 
an aqueous methanolic solution of an alkali 
metal, e.g. potassium, hydroxide at a tem- 
perature of from 20^C. to 100°C. 

Compounds of general formula XVI 
(wherein R^ R^, R^^ R^^ and w are as herein- 
before defined) may be prepared by reacting 
a compound of the general formula: — 



XVII 



(wherein R^, R% R^^ and n are as hereinbefore 
defined and X represents a halogen, prefer- 
ably chlorine, atom) with a compound of 
the general formula: — 



XVIII 



(wherein R^^ is as hereinbefore defined) in 
an inert organic solvent, e,g. carfeon tetra- 
chloride, and in the presence of a Friedel- 
Craft catalyst, for example alimiinium trichlor- 
ide, zinc chloride, stannic chloride, titaniimi 
tetrachloride, boron trifiuoride or, preferably, 
ferric chloride, at a temperature between 0*^(5. 
and 100° C, preferably at the boiling tern- 
perature of the reaction mixture and more 
particularly at about 80^C. 

Compounds of general formula XIII 
wherein R^, R^ and n are as hereinbefore de- 
fined, R* represents an alkyl group and R^ 
represents a hydrogen atom, a straight- or 
branche d-chain alkyl group containing from 
1 to 6 carbon atoms or a hydroxy group, i.e. 
compounds of the general formula: — 



XV 



(wherein R^, R^, R^** and n are as hereinbefore 
defined) by heating with a decarboxylation 

40 catalyst, e.g. cupric oxide, at a temperature 
of from ISO^'C. to 230°C. optionally in the 
presence of an inert organic solvent of suit- 
ably high boiling point, e.g. quinoline. 

Compounds of general formula XV (wherein 

45 Ri, R^, R^« and n are as hereinbefore defined) 
may be prepared by the hydrolysis to a car- 
boxy group of the ester group of a compound 
of the general formula: — 



(wherein RS R\ R^** and n are as hereinbefore 
defined and R^^ represents a straight- or 
branched-chain alkyl group containing from 
1 to 6 carbon atoms )3 may be prepared by 
the reduction of the carbonyl group of a 
compound of the general formula:— 



o 



XX 
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(wherein RS R*, R^** and n are as hereinbefore 
defined and R^^ represents a hydrogen atom 
or a straight- or branched-chain alkyl group 
containing from 1 to 5 carbon atoms) by 

5 known methods for the reduction of a car- 
bonyl group to methylene, for example by 
treatment with hydrazine hydrate and potas- 
sium hydroxide in ethylene glycol. 

Compoxmds of general formula XX may 

10 be prepared from compoxmds of general for- 
mula XIV (wherein R% R% R'' and n are 
as hereinbefore defined) by known methods 
for the introduction of a carboxylic acyl group 
into a furan group, for example: — 

15 (a) when R^^ represents an alkyl group, 
by reacting a compoimd of general formtda 
XVII (wherein R% R^ R"% X and n are as 
hereinbefore defined) with a compound of the 
general formula:— 

^ U^r" XXI 

o 

(wherein R^^ represents a straight- or 
branched-chain alkyl group containing^ from 
1 to 5 carbon atoms) in an inert organic sol- 
vent, e.g. carbon tetrachloride, and in the 

25 presence of a Friedel-Craft catalyst, for ex- 
ample aluminium trichloride, zinc chloride, 
stannic chloride, titanium tetrachloride, boron 
trifluoride or, preferably, ferric chloride, at 
a temperature between 0**C. and 100*^0., 

30 preferably at the boiling temperature of the 
reaction mixture, and, more particularly, at 
about 80*^0,; 

(b) when R-^ represents a hydrogen atom, 
by reacting a compound of general formula 

35 XIV with a mixture of phosphorus oxychloride 
and a disubstituted formamide derivative, e.g. 
dimethylformamide; 

(c) when R^^ represents an alkyl group, 
by reacting a compoomd of general formula 

40 XIV (wherein RS RS R^^ and n are as here- 
inbefore defined) with an acid halide, e.g. 
add chloride, or add anhydride derived from 
a carboxylic acid of the general formula: — 

Ri^COOH XXII 

45 (wherein R^^ is as hereinbefore defined) in 
an inert organic solvent, e.g. carbon tetra- 
chloride, in the presence of a Friedel-Craft 
catalyst, for example aluminium trichloride, 
zinc chloride, stannic chloride, titanium tetra- 

50 : chloride, boron tr.ifluoride or, preferably, ferric 
chloride, at a temperature between 0**C. and 
100° C, preferably at the boiling temperature 
of the reaction mixture, and, more particu- 
lady, at about SO^'C. 

55 Compounds of general formula XIII 
wherein RS R* and n are as herdnbefore de- 
fined and R^ and R* each represent a hydro- 
gen atom, i.e. compounds of the general for- 
mula: — 



n H 

(wherein R^, R^ and n are as herdnbefore 
defined), may be prepared by the reduction 
of a compound of the general formvila: — 




XXIV 



(wherdn R^, R^ and n are as hereinbefore 65 
defined) by heating with hydrazine hydrate 
in the presence of a base, for example soditim 
or, preferably, potassium hydroxide, in an 
alcoholic solvent, e.g. ethylene glycol, at a 
temperature of from SO^^C to 200°C. and 70 
preferably at a temperature of from 100**C. 
to 200''C. 

Compounds of general formula XIII 
wherein R^ and n are as hereinbefore defined, 
R"* represents a straight- or branched-chain 75 
alkyl group containing from 1 to 6 carbon 
atoms, and R^ and R^ each represent a hydro- 
gen atom, i.e, compounds of the general for- 
mula: — 




(wherein R^ and n are as hereinbefore de- 
fined and R^* represents a straight- or 
branched-chain alkyl group containing from 
1 to 6 carbon atoms), may be prepared by 
the reduction of a compound of the general 85 
formula: — 




XXVI 



(wherein R^ and n are as hereinbefore defined 
and R^* represents a hydrogen atom or a 
straight- or branched-chain alkyl group con- 90 
taining from 1 to 5 carbon atoms) by the 
procedures hereinbefore described for the r^- 
dncdon of compoxmds of general formula , 
XXIV to give compounds of general formula 
XXIIL 95 

Compoxmds of general formula XIII 
wherein R^, R* and « are as hereinbefore de- 
fined, R^ represents a straight- or branched- 
chain alkyl group containing from 1 to 6 
carbon atoms and R^ represents a hydroxy 100 
group, i.e. compounds of the general for- 
mula: — 

^^\>^C^^ XXVII 
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20 



25 



30 



35 



40 



45 



(wherein R\ and n are as hereinbefore 
defined and R^' represents a straight- or 
branched-chain alkyl group containing from 
1 to 6 carbon atoms), may be prepared by 
reacting a compoimd of general formula XXIV 
(wherein R^ and n are as hereinbefore 
defined)^ with an organomagnesium halide of 
the- general formula: — 



R^^MgX 



XXVIII 



10 (wherein R^^ and X are as hereinbefore de- 
fined) or with an organolithium compound of 
the general formula: — 



XXIX 



(wherein R^^ is as hereinbefore defined) in 
an inert organic solvent, for example an alkyl 
ether containing from 4 to 8 carbon atoms, 
e.g. diethyl ether, at a temperature between 
O^C. and the boiling temperature of the reac- 
tion mixture, and preferably at 5*'C. to 15 °C., 
and by hydrolysis of the organometallic com- 
pound thus obtained, for example by treat- 
ment with aqueous ammonium chloride solu- 
tion. 

Compounds of general formula XIII 
wherein R% R^ and w are as hereinbefore de- 
fined, R^ represents a hydrogen atom and R^ 
represents a hydroxy group, i.e. compounds 
. of the general formula: — 



XXX 



(wherein R^, R"* and n are as hereinbefore 
defined), may be prepared by the reduction 
of the carbonyl group of a compound of gen- 
eral formula XXIV (wherein RS R^ and n 
are as hereinbefore defined) by known meth- 
ods for the reduction of a carbonyl group 
to an alcohol group, for example, by treat- 
ment with a borohydride, e.g. sodium boro- 
hydride, in an aqueous lower alkanol e.g. 
methanol, at a temperature of from 0°C. 
to 30^C. and preferably at a temperature of 
from 15 to 20^0. 

Compounds of general formula XXIV 
wherein R^ and n are as hereinbefore defined 
and R"" represents a hydrogen atom, i.e. com- 
pounds of the general formula:— 



XXXI 



(wherein R^ and n are as hereinbefore de- 
fined), may be prepared by the decarboxyla- 
tion of compounds of the general formula: — 



50 



(wherein R^ and n are as hereinbefore de- 
fined) hy heating at a temperature at which 
carbon dioxide is evolved, e.g. 200° C, prefer- 
ably in the presence of a decarboxylation cat- 
alyst, e.g. cupric oxide, and optionally in the 
presence of an inert organic solvent of suit- 
ably-high boiling point, e.g. quinoline. 

Compounds of general formula XXXII 
(wherein R^ and n are as hereinbefore de- 
fined) may be prepared by the hydrolysis of 
the ester group of a compound of the general 
formula: — 



XXXIII 



(wherein RS and n are as hereinbefore 
defined) by treatment with a slight excess 
of an alkali metal, e.g. sodium or potassium, 
hydroxide in an aqueous lower alkanol, e.g. 
ethanol, at a temperature of from 20°C. to 
lOO^C. 

Compoimds of general formula XXXIII 
(wherein R^, R^^ and n are as hereinbefore 
defined) may be prepared by the condensation 
of an acid halide, e.g. an acid chloride or 
acid anhydride derived from an acid of the 
general formula: — 



XXXIV 



(whsxein R^ and n are as hereinbefore de- 
fined) with a furoic ester of the general 
formula: — 



XXXV 



i 



75 



80 



XXXII 



(wherein R^^ is as hereinbefore defined) in 
an inert organic solvent, e.g. carbon tetra- 
chloride, in the presence of a Friedel-Craft 
catalyst, for example aluminium trichloride, 
zinc chloride, stannic chloride, titanium tetra- 
chloride, boron trifiuoride or, preferably, ferric 
chloride, at a temperature between 0°C and 
lOO^C, preferably at the boiling temperature 
of the reaction mixture and, more particu- 
larly, at about 80° G 

Compounds of general formula XXVI 
(wherein R^ and n are as hereinbefore defined 
and R^^ represents an alkyl group) may be 
prepared by the condensation of an acid halide, 
e.g. an acid chloride, or acid anhydride de- 
rived from an acid of general formula 
XXXIV (wherein R^ and n are as herein- 
before defined) with a compound of the 
general formula; — 



(rnUcoR^^ XXXVI 100 



85 



90 



95 
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(wherein R^^ is as hereinbefore defined) by 
d^ie procedures hereinbefore describd for the 
condensation of compounds of formula XXXV 
with acyl halides or acid anhydride derived 
from compounds of general formula XXXIV. 

Compounds of general formula XIII 
wherein R^, R*, R^ and n are as hereinbefore 
defined and R^ represents a methoxy or ethoxy 
group, i,e. compoimds of the general for- 
mula: — 



XXXVII 



(wherein R^ R% R^ and « are as hereinbefore 
defined and R^* represents a methyl or ethyl 
group), may be prepared by reacting a sodio 
derivative of a compound of general formula 
XIII wherein RS R*, R^ and n are as here- 
inbefore defined, and R® represents a hydroxy 
group, i.e. a compound of general formula V 
(wherein R^, R"*, R^ and n are as hereinbefore 
defined) with a methyl or ethyl halides, e.g. 
methyl or ethyl iodide. The reaction is prefer- 
ably effected at a temperature between O^C. 
and ambient temperature in an inert organic 
solvent, e.g. dimethylformamide. The sodio 
derivative of the compoimd of general for- 
mula V may be prepared by reacting the 
compound of general formula V with sodium 
hydride at O^C. in an inert organic solvent, 
e.g. dimethylformamide. 

Compounds of general formula XIII, 
wherein R^, R*, R^ and » are as hereinbefore 
defined and R® represents a hydrogen atom, 
may be prepared from compounds of general 
formula V (wherein RS R\ W and n are as 
hereinbefore defined) by hydrogenation in the 
presence of a suitable hyc^ogenation catalyst, 
e.g. Raney copper, at an elevated temperature, 
e.g. at a temperature from 150°C. to ZOO^'C, 
or by reduction with an alkali metal, e.g. 
sodium, in a lower alkanol, e.g. ethanol, at 
the boiling temperature of the reaction mix- 
ture. 

Compounds of general formula XIII, 
wherein R^, R* and n are as hereinbefore 
defined, R^ represents an alkyl group and R* 
represents a hydrogen atom, may be prepared 
by the reduction of the ethylenic double bond 
of a compound of the general formula: — 



I 

CH 



XXXVIII 



(wherein R^, R^ and n are as hereinbefore 
defined and R^° represents a hydrogen atom 
or a straight- or branched-chain alkyl group 
containing from 1 to 5 carbon atoms) by 
hydrogenation in the presence of a hydro- 



genation catalyst, e.g. palladium on charcoal. 
Hydrogenation is preferably effected at am- 
bient temperature and normal atmospheric 
pressure. 

Compounds of general formula XXXVUI 
(wherein R^ R^, R^^ and n are as hereinbefore 
defined) may be prepared by the dehydra- 
tion of a compoimd of the general formula: — 



<^ lr> OH 



wherein R^, R% R^® and n are as hereinbefore 
defined. Dehydration may be conveniently 
effected by distilling the compound of gen- 
eral formula XXXIX or by treatment with 
a dehydrating agent, e.g. POCI3 in pyridine. 

Compounds of general formula XXXIX 
(wherein R^, R*, R^^ and n are as herein- 
before defined) may be prepared by reacting 
a compound of general formula XXIV 
(wherein R^, R^ and n are as hereinbefore 
defined) with an organomagnesium halide of 
the general formula:— 



R^^CH^MgX 



XL 



(wherein R^® and X are as hereinbefore de- 
fined) or with an organoiithium compound 
of the general formula: — 



R^^CH^Li 



(wherein R^^ is as hereinbefore defined) in 
an inert organic solvent, for example an 
alkyl ether containing from 4 to 8 carbon 
atoms, e.g. dicxhyl ether, at a temperature 
between G°C. and the boiling temperature of 
the reaction mixture, and hydrolysis of the 
organometaHic compoimd thus obtained, for 
example by treatment with aqueous ammon- 
ium chloride solution. 

Compounds of general formula V (wherein 
RS R*, R^ and n are as hereinbefore defined) 
may be prepared by reacting a Grignard re- 
agent of the general formula: — 



XLII 



XLIII 



55 



60 



65 



70 



75 



XLI 80 



85 



90 



(wherein RS X and w are as hereinbefore 95 
defined) with a compound, of the general for- 
mula:— 



(wherein R'^ and R* are as hereinbefore de- 
fined) in an inert organic solvent, for ex- 100 
ample an alkyl ether containing from 4 to 8 
carbon atoms, e.g. diethyl ether, at a tern- 
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pexature of from -30°C. to the boiling 
temperature of the reaction mixture^ and 
preferably at - 25^*0. to » 20^*0., and hy- 
drolysis of the organomagnesium compound, 
thus obtained, for example by treatment with 
aqueous ammonium chloride solution. 

Compqunds of general formula V (wherein 
R\ R\ and n are as hereinbefore defined) 
may also be prepared by reacting a furyl 
lithivim compound of the general formula: — 



10 



at a temperature between O^'C. and the boil- 
ing temperature of the reaction mixture. 

Compounds of general formula XLVII 
(wherein R% R% and n are as hereinbefore 
defined) may be prepared by reacting a com- 
pound of the general formula: — 



-COCH-,CH~COOR 



XLViri 



50 
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25 



30 



35 



40 



XLIV 



(wherein R"^ is as hereinbefore defined) with 
a ketone or aldehyde of the general formula: — 



XLV 



(wherein R\ R^ and « are as hereinbefore 
defined) in an inert organic solvent, for 
example an alkyl ether containing from 4 to 
8 carbon atoms, e.g. diethyl ether, at a tem- 
perature of from 0°C. to the boiling tempera- 
ture of the reaction mixture and hydrolysis 
of the organolithium compound thus obtained, 
for example by treatment with aqueous 
ammonium chloride solution. 

Gompoimds of general formula XII 
(wherem R\ R^ R% Z and w are as herein- 
before defined) may be prepared by treating 
a compoxmd of the general formula: — 



XLVI 



(wherein R\ R% R^ and n are as hereinbefore 
defined) wiiii phosphorus oxychloride or oxy- 
bromide at a temperature of from 50°C to 
110°C., optionally in the presence of an 
inert organic solvent but preferably in the 
presence of an excess of phosphorus oxy- 
chloride or oxybromide which serves as sol- 
vent for the reaction. 

Compounds of general formula XLVI 
(wherein R\ R% R^ and n are as herembefore 
defined) may be prepared by the dehydro- 
genation of a compound of the general for- 
mula: — ' 



XLVII 



(wherein R\ R^ R" and n are as hereinbefore 
defined) by treatment with a halogen, e.g. 
45 chlorine, iodine or, preferably, bromine, in 
an inert organic solvent, e.g. ethyl acetate, 



(wherein R\ R^, R^ and « are as hereinbefore 
defined and R^** represents a hydrogen atom 
or an alkyl group contmmng from -1 to 4 
carbon atoms) with hydrazine hydrate in 
the presence of a lower alkanol, e.g. ethanol, 
at a temperature of from 20° C. to the boiling 
temperature of the reaction mixture, 

Compoimds of general formula XLVIII 
(wherein R^, R^, R% R^^ and n are as herein- 
before^ defined) may be prepared by the con- 
densation of a compound of the general 
formula: — 



XLIX 



R^^OH 



(wherein R^^ is as hereinbefore defined) and 
an acid catalyst, preferably hydrogen chloride, 
at the boiling temperature of the reaction 
mixture. 

According to a further feamre of the pres- 
ent invention, the compounds of general for- 



55 



60 



65 



[wherein R\ R% R^ and n are as hereinbefore 
defined and R^^ represents a cyano group 
(--CN) or a group — COOR^** (wherein 
R^** is as hereinbefore defined)] with a 70 
succinic ester of the general formula: — 

CHj^COOR" 

I r 

(wherein R^^ is as hereinbefore dtfin&d) in 
liie presence of a basic catalyst, e.g. sodLixmi 
hydride or sodium methoxide, in an inert 75 
organic solvent, e.g, toluene or methanol, and 
preferably in the presence of sodiimi meth- 
oxide in methanol, followed by hydrolysis 
and decarboxylation of the product thus ob- 
tained by heating either in the pres^ce of 80 
an inorganic acid and an alkanoic acid con- 
taining from 2 to 4 carbon atoms, e,g. hydro- 
chloric acid in acetic acid, or in the presence 
of an inorganic acid, e.g. hydrochloric or 
hydrobromic acid, alone, at the boiling tem- 85 
perature of the reaction mixture, followed 
by, where appropriate, re-esterification of the 
product thus obtained by heating in the pres- 
ence of an alkanol of the general formula: — 



LI 90 



95 



f 
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mula I wherein R^, R* and n are as herein- 
before defined and R^ and R^ together rep- 
resent a hydroxy imino group, i.e. compound ^ 
of the general formula: — 



NO 



LII 



(wherein R^, R* and n are as hereinbefore 
defined), are prepared by reacting a com- 
pound of general formula X (wherein R^, R'* 
and n are as hereinbefore defined) with 
hydroxylamine hydrochloride. The reaction 
is preferably effected in an aqueous lower 
• alkanolj e.g. aqueous ethanol, at the boiling 
temperature of the reaction mixture in the 
presence of a base, conveniently sodium ace- 
tate. 

According to a further feature of the pres- 
ent invention, the compoimds of general for- 
mula I wherein R^, R"* and n are as herein- 
before defined, R^ represents a hydrogen atom 
or an alkyl group and R^ represents a meth- 
oxy or etiioxy group, i.e. compounds of the 
general formula :— 



LIII 



(wherein R^, R^, R'* and are as herein- 
before defined and R^'* represents a methoxy 
or ethoxy group), are prepared by reacting 
a compound of general formula IX (wherein 
R^, R*, R^, R^ and n are as hereinbefore 
defined, and R^ preferably represents a brom- 
ine or, more particularly, chlorine atom) with 
an aUkali metal, e.g. sodium or* potassium, 
methoxide or ethoxide. 

The reaction is preferably effected either 
in methanol, when the reactant is a meth- 
oxide, or ethanol, when the reactant is an 
ethoxide, at the boiling temperature of the 
reaction mixture. 

According to a further feature of the present 
invention, the compounds of general formula 
I wherein R^ and w are as hereinbefore de- 
fined, R2 represents a hydrogen atom or an 
alkyl group, R^ represents a hydrogen atom 
and R"^ represents a hydrogen atom, i.e. com- 
pounds of the general formula: — 



(wherein R^ and n are as hereinbefore defined 50 
and R^^ represents a hydrogen atom or a 
straight- or branched-chain alkyl group con- 
taining from 1 to 6 carbon atoms or a cyano 
group, R=^^ being, respectively, a hydrogen 
atom or an alkyl group when R^ in formula 
LIV represents a hydrogen atom or an alkyl 
group and R^^ being a cyano group when 
R^ in formula LIV represents a hydrogen 
atom) by acid or, preferably, alkaline hydroly- 
sis and decarboxylation of the mono- or di- 
carboxylic acid, obtained by the hydrolysis, 
by heating at an elevated temperature, e.g. 
at a temperature of from ISO^'C to 250° Q 
Alkaline hydrolysis and decarboxylation of 
a compound of formula LV may be con- 
veniently effected in a single step by treating 
the compound of formula LV with an alkali 
metal, e.g. potassium, hydroxide at an ele- 
vated temperature, and preferably at the re- 
flux temperature of the reaction mixture, in 
a suitable inert organic solvent, e.g. ethylene 
glycol, in the presence of added water. 

Compounds of general formula LV 
(wherein R^, R^^ and w are as hereinbefore 
defined) may be prepared by the reductive 
dehalogenation of a compound of the gen- 
eral formula: — 



LVI 
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wherein R^, R^^ and n are as hereinbefore 
defined and R^* represents a chlorine or go 
bromine atom. Reductive dehalogenation of , 
a compound of general formula LVI is prefer- 
ably effected by hydrogenadon with hydrogen 
under moderate pressure, e.g. at a pressure 
of from 1 to 10 atmospheres, and a tern- 85 
perature of from 10°C. to lOO^^C, in the 
presence of a hydrogenadon catalyst, e.g. 
palladium on charcoal, and a base, e.g, ammon- 
ium hydroxide or magnesium oxide, in an 
inert organic solvent, for example a lower 90 
alkanol, e.g. ethanol. 

Compoxmds of general formula LVI 
(wherein R^, R^^, R^* and « are as herein- 
before defined) may be prepared by reacting 
3,6-dichloro- or 3,6-dibromopyridazine with 95 
a compound of the general formula: — 



45 



LiV 



LVII 



(wherein R^, R' and w are as hereinbefore 
defined), are prepared from compounds of 
the general formula: — 



LV 



(wherein R^, R*^ and n are as hereinbefore 
defined) in die presence of a base, preferably 
an aqueous alkali metal, e.g. sodium, hydrox- 
ide and in the presence of a suitable phase 
transfer catalyst, for example triethylbenzyl- 
ammonium chloride or a 'crown' ether, e.g. 
2,3,11,12 - dibenzo - 1,4,7,10,13,16 - hexa- 
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oxacyclpoctadeca - 2,11 - diene. 

Compovinds of general formula LVII may- 
be prepared by known methods. 

Agriculturally-acceptable salts of the com- 
5 pounds of general formula I with acids may 
be prepared by conventional methods for the 
preparation of salts of organic bases, for 
example Iby reacting a compoimd of general 
formula I with an acid, e.g* hydrochloric 

10 add, if desired in the presence of a suitable 
solvent, e.g. water or an aqueous alkanol. 
The salt which is formed is precipitated, if 
necessary after concentration of its solution, 
and is separated by filtration or decantation. 

15 Agriculturally-acceptable salts of com- 
pounds of general formula I, wherein 
represents a carboxy group, with bases may 
be prepared by conventional methods for the 
preparation of salts of carboxylic acids, e.g. 

20 by treatment of the add in aqueous, aqueous- 
alkanolic or alkanolic, e.g. ethanol, solution 
or suspension with the appropriate alkali 
metal or alkaline earth metal hydroxide, 
oxide, carbonate or bicarbonate or a strong 

25 amine. Tlie salt which is formed is predpi- 
tated, if necessary after concentration of its 
solution, and is separated by filtration or de- 
cantation. 

Agriculturally-acceptable salts of the com- 
30 pounds of general formula I thus obtained 
may be used in the preparation of herbiddal 
compositions herein described. If desired, 
solutions or suspensions of agriculturally- 
acceptable salts of compounds of general for- 
35 mula I obtained in the preparation such salts 
as hereinbefore described may themselves be 
used as herbicidal compositions. 

The following Examples illustrate the pre- 
paration of pyridazine derivatives of general 
40 formula I according to the present invention. 

Example 1. 
A solution of 3 - chloro - 6 - (2 - methyl- 
benzyl) - pyridazine (34 g.) in ethanol 
(370 ml.) containing aqueous ammoniimi 

45 hydroxide solution (s.g. 0.880; 38 ml.) was 
treated with hydrogen in the presence of 
palladium on charcoal (5% Pd) at ambient 
temperature and normal atmospheric presstire 
for 1.5 hours. After filtration, the filtrate was 

50 evaporated to dryness and the residue extrac- 
ted with chloroform (3x100 ml.). The 
chloroform solution was washed with water, 
dried over 'magnesium sulphate and evapor- 
ated to dryness. The light brown solid thus 

55 obtained was triturated with n-hexane to give 
3 - (2 - methylbenzyl) pyridazine (26 g.), 
m.p. 88—89*^0. 

By proceeding in a similar manner but re- 
placing the 3 - chloro - 6 - (2 - methyl- 

60 benzyl)pyridazine by 6 - benzyl - 3 - chloro- 
pyridazine (prepared as described in Nether- 
lands Patent Specification No. 66-09504), 
3 - chloro - 6 - (2,6 - dimethylbenzyl)pyrid- . - 



azine and 3 - chloro - 6 - (2,4,6 - iximethyl- 

benzyl) pyridazine, there were prepared, res- 55 

pectively, 3-benzylpyridazine, m.p. 62— 64*^C., 

3 - (2,6 - dimethylbenzyl) pyridazine, m.p, 

102— 103°C., and 3 - (2,4,6 - trimethyl- 

faenzyl) pyridazine, m.p. 110 — 1 10.5*^0. 

3 - Chloro - 6 - (2 - methylbenzyl)pyrid- 70 

azine, 3 - chloro - 6 - (2,6 - dimethylbenzyl )- 

pyridazine and 3 - chloro - (2,4,6 - trimethyl- 

benzyl) pyridazine used as starting materials 

in the above preparations may be prepared 

as follows: — 75 
Diethyl succinate (510 g.) and 2-methyl- 

benzyl cyanide [prepared according to tiie 

method of Meisenheimer et aly Ann. 468, 217 

(1929); 155 g.] were added to a solution 

of sodium (42 g.) in dry methanol (585 ml.) gQ 

at ambient temperature. The mixture was 

heated under reflux, with stirring, for 16 

hours and excess methanol was then removed 

by distillation under reduced pressiare. The 

residue was dissolved in a mixture of toluene 85 

(500 ml.) and water (2000 ml.). The 
aqueous layer was. separated, B^cidihcd with tef' ^ 

concentrated sulphuric acid (50 ml.) and 
extracted with diethyl ether (3 x 800 ml.). 
The ethereal extract was washed with water, 90 
dried over sodium sulphate and evaporated 
to dryness to give ethyl 5 - cyano - 4 - 0x0 - 
5 - (2 - methylphenyl) - pentanoate (305 g.) 
in the form of a dark coloured oil. 

By proceeding in a similar manner, out 95 
replacing the 2-methylbenzyl cyanide by 2,6- 
dimethylbenzyl cyanide [prepared as described 
by Rasen and Eastham, J.A.C.S., 82, 1349 
(1960)1 and 2,4,6-trimethylbenzyl cyanide 

[prepared as described in Org. Synth, 25, 1(X) | 
65 (1945)], there were obtained, respectively, f 
ethyl 5 - cyano - 5 - (2,6 - dimethylphenyl) - ,1. 
4 - oxopentanoate and ethyl 5 - cyano - 5 - ^:^: r 

(2,4,6 - trimethylphenyl) - 4 - oxopentanoate. .03] « 

Undistilled etiiyl 5 - cyano - 4 - 0x0 - 5 - 105 j 
(2 - methylphenyl) pentanoate (prepared by 
the procedure described above; 773 g.) was | 
heated under reflux with hydrobromic acid f 
(48—50%; 1550 ml.)^ for 3 hours. On | 
cooh'ng, the reaction mixture separated into 110 
two layers. The lower, aqueous phase was 
separated'and extracted with chloroform (3 x 
500 ml.)- The chloroform extract was added 
to the upper, organic layer of the reaction 
mixture. The chloroform solution (about 2 115 
litres) thus obtained was washed with water 
(3 X 200 ml.) and evaporated to give 5 - (2 - 
methylphenyl) - 4 - oxopentanoic acid (535 
g.) in the form of a dark coloured oil. 

By proceeding in a similar manner but 120 
TG^lacing the ethyl 5 - cyano - 4 - 0x0 - 5 - 
(2 - methylphenyl) pentanoate by ethyl 5 - 
cyano - 5 - (2,6 - dimethylphenyl) - 4 - 
oxopentanoate and ethyl 5 - cyano - 5 - 
(2,4,6 - trimethylphenyl) - 4 - oxopentanoate 125 
(prepared as described above), there were 
obtained, respectively, 5 - (2,6 - dimethyl- 
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phenyl) - 4 - oxopentanoic acid and 5 - 
(2,4,6 - trimethylphenyl) - 4 - oxopentanoic 
acid. 

5 - (2 - Methylphenyl) - 4 - oxopentanoic 
5 acid (prepared as described above; 353 g.) 
was heated under reflux for 1 hour in meth- 
anol (5.5 litres) through which was passed 
gaseous hydrogen chloride. The flow of hydro- 
gen chloride was then stopped and the solu- 
10 tion was heated for a further 2 hours. The 
solution was then evaporated to give a dark 
coloured oil which was dissolved in diethyl 
ether (1500 ml.), washed with water and 
aqueous sodium bicarbonate solution, dried 
15 over sodium sulphate and distilled to give 
methyl 5 - (2 - methylphenyl) - 4 - oxo- 
pentanoate (248 g,), in the form of a clear 
yellow oU, b.p. 170— 200°C./0.7— 1.0 
mm.Hg. 

20 Methyl 5 - (2 - methylphenyl) - 4 - oxo- 
pentanoate (prepared as described above; 
28.2 g.), hydrazine hydrate (7.2 mi.), tri- 
ethylamine (18 ml.) and ethanol (18 ml.) 
were heated under reflux for 40 minutes. 

25 After cooling, the solution was filtered to re- 
move colourless crystals. The filtrate was evap- 
orated to dryness and the residue was heated 
under reflux for 40 minutes with hydrazine 
hydrate (5 ml.), ethanol (11 ml.J and tri- 

30 ethylamine (11 ml.). After cooling, the solu- 
tion was filtered to give a second crop of 
colourless crystals. The filtrate was evaporated 
to dryness and the residue was heated under 
reflux for 40 minutes with hydrazine hydrate 

35 (5 ml.), ethanol (11 ml.) and triethylamine 
(11 ml.). After cooling, the solution was 
filtered to give a third crop of colourless 
crystals. 

The three crops of crystals thus obtained 

40 were combined, washed with cold ethanol 
(30 ml.) and diethyl ether (30 ml.) and 
dried to give 6 - (2 - methylbenzyl) - 2,3,4,5 - 
tetrahydropyridaz - 3 - one (19.2 g.), m.p. 
118— 120° C. 

45 By proceeding in a similar manner but 
replacing the methyl 5 - (2 - methylphenyl) - 
4 - oxopentanoate by 5 - (2,6 - dimethyl- 
phenyl) - 4 - oxopentanoic acid and 5 - 
(2,4,6 - trimethylphenyl) - 4 - oxopentanoic 

50 acid (prepared as described above), there 
were obtained, respectively, 6 - (2,6 - di- 
methylbenzyl) - 2,3,4,5 - tetrahydropyridaz - 
3 - one, m.p. 123— 125*^0., and 2,3,4,5 - 
tetrahydro - 6 - (2,4,6 - trimethyibenzyl)- 

55 pyridaz - 3 - one, m.p. 149— 151°C. 

A solution of bromine (5.3 ml.) in ethyl 
acetate (5.3 ml.) was added over 15 min- 
utes to a refluxing solution of 6 - (2 - methyl- 
benzyl) - 2,3,4,5 - tetrahydropyridaz - 3 - 

60 one (prepared as described above; 19.2 g.) 
In ethyl acetate (150 ml.). Heating under 
reflux was continued for a further 15 min- 
utes. The reaction mixture was then cooled 
t5 0°C. and filtered. Solid 2,3 - dihydro - 



6 - (2 - methylbenzyl) pyridaz - 3 - one 65 
hydrobromide thus obtained was washed with 
n-hexane, dried in vacua, added to an excess 
of aqueous sodium bicarbonate solution, stirred 
with a magnetic stirrer for one hour and 
filtered. The residue was washed with water 70 
and dried in air at 60*^0. to give 2,3 - di- 
hydro - 6 - (2 - methylbenzyl) pyridaz - 3 - 
one (13.9 g.) in the form of a fawn coloured 
powder, m.p. 139— 141°C. 

By proceeding in a similar fashion but 75 
replacing the 6 - (2 - methylbenzyl) - 
2,3,4,5 - tetrahydropyridaz - 3 - one by 6 - 
(2,6 - dimethylbenzyi) - 2,3,4,5 - tetra- 
hydropyridaz - 3 - one and 2,3,4,5 - tetra- 
hydro - 6 - (2,4,6 - trimethylbenzyl) - 80 
pyridaz - 3 - one (prepared as described 
above) , there were obtained, respectively, 
2,3 - dihydro - 6 - (2,6 - dimethylbenzyi) - 
pyridaz - 3 - one, m.p, 162 — 169^C., and 
2,3 - dihydro - 6 - (2,4,6 - trimethylbenzyl)- 85 
pyridaz - 3 - one, m.p. 156*^ — i57**C. 

2,3 - Dihydro - 6 - (2 - methylbenzyl )- 
pyridaz - 3 - one (prepared as described 
above; 36 g.) and phosphorus oxychloride 
(120 ml.) were heated together on a steam 90 
bath to 90*'C. The dark red solution thus 
obtained was immediately cooled at 10— 
15 °C., diluted with acetone (125 ml.) and 
added to a stirred solution of acetone and 
aqueous ammonium hydroxide solution (s.g. 95 
0.880) (1:1; 1000 ml.) maintained at a tem- 
perature of from 0° to 20° C. by strong cool- 
ing. The mixture was then diluted with water 
(1000 ml.). A light brown coloured solid 
was precipitated, filtered off, dried and dis- 100 
solved in toluene (200 ml.). The toluene solu- 
tion was filtered and the filtrate evaporated 
to dryness to give 3 - chloxo - 6 - (2 - 
methylbenzyl) pyridazine (34 g.) form 
of an off-white coloured soUd, m.p. 73.5*^0. 105 

By proceeding in a similar fashion but re- 
placing the 2,3 - dihydro - 6 - (2 - methyl- 
benzyl)pyridaz - 3 - one by 2,3 - dihydro - 
6 - (2,6 - dimethylbenzyl)p3nida2 - 3 - one 
and 2,3 - dihydro - 6 - (2,4,6 - trimethyl- 110 
ben2yl)pyridaz - 3 - one (prqpared as des- 
cribed above) there were obtained, respec- 
tively, 3 - chloro - 6 - (2,6 - dimethylbenzyi) - 
pyridazine, m.p. 125— 127'=^C., and 3 - chloro - 
6 - (2,4,6 - trimethylbenzyl) pyridazine, m.p, 115 
143_145°C. 

Example 2. 
A solution of (:±:) 3 - a - chlorobenzyl- 
pyridazine (2.05 g.) in ethanol (50 ml.) was 
treated with hydrogen, in the presence of 120 
magnesium oxide (0.4 g.) and palladium on 
charcoal (5% Pd; 0.2 g.), for one hour at 
ambient temperature and normal atmospheric 
pressure. The solution was then filtered and 
the filtrate was evaporated to dryness. The 125 
residue was dissolved in hot chloroform (100 
ml.), cooled, washed with water (50 ml.). 



14 



1,481,990 



14 



dried over magnesium sulphate and evaporated 
to give 3 - benzyl - pyri^inQ (1.6 g.), m.p. 
61 — 64*'C.3 in the form of a light brown 
coloured solid. 
5 By proceeding in a similar fashion, but 
replacing the (± ) 3 - « - chlorobenzylpyrid- 
azine by (zb) 3 - (<^A4 - trichloro)ben2yl- 
pyridazirie, there was obtained 3 - (2,4 - 
dichlorobenzyl)pyridazine, m.p. 67 — 69*'C. 
10 (d=)3-o; - Chlorobenzylpyridazine and 
(zb) 3 - (<Zy2y^ - trichIoro)benzylpyrida2ine, 
used as starting materials in the above pre- 
parations, may be prepared as follows: — 
Pyridazine - 3 - carboxylk acid ' fprepared 
15 as described by Leanza, Becker and Rogers, 
J.A.CS., 75/ 4086 (1953); 18.6 g.] was 
mixed with benzaldehyde (44 g.) and p- 
cymene ( 3 60 ml. ) and decarboxylated by 
heating for 3 hours at 135 **C. The hat solu- 
20 tion was then filtered, cooled and the precipi- 
tate collected to give (izfc) 3 - « - hydroxy- 
benzylpyridazine (5,2 g.), m.p. 130— 135°C., 
in the form of fawn coloured needles. 

By proceeding in a similar fashion but 
25 replacing the benzaldehyde by 2,4 - dichloro- 
benzaldehyde, there was obtained (dr) 3 - 
(2,4 - dichloro - - hydroxybenzyl)pyrid- 
azine, m.p. 130 — 132°C. 

Gaieous hydrogen chlodde was passea at 
30 0°C. into a magnetically-stirred solution of 
3 - « - hydraxybenzylpyridazine (prepared 
as described above; 7.44 g.) in dry toluene 
(400 ml.). Thionyl chloride (8 ml.) was then 
added at 0**C. and the reaction mixture was 
35 stirred at 5°C for 2 hours and then at 
ambient temperature for 16 hours. The excess 
of thionyl chdoride was removed by repeated 
. evaporations with toluene. The residue was 
diluted with diethyl ether and ice and brought 
40 to pH 8 by the addition of aqueous sodium 
bicarbonate solution. The aqueous layer was 
separated and extracted suffidentiy with di- 
ethyl ether (4 x 500 ml.) to dissolve aU solid 
material. 

45 The ether extracts were combined, dried 
over sodium sulphate and evaporated to give 
an oif-white coloured solid, which was re- 
crystaUised from cyclohexane (400 ml) to 
give (-fc) 3 - a - chlorobenzylpyridazine 

50 (6,3 g.), m.p. 1 10—1 12*^0., in the foim of 
colourless needles. 

By proceeding in a similar fashion, but re- 
placing the 3 - « - hydroxybenzylpyridazine 
by (fdb) 3.- (2,4 - dichloro - « - hydroxy- 

55 benzyl )pyridazine (prepared as described 
above), there was obtained (±) 3 - («,2,4 - 
trichloro)benzylpyridazine, in the' form of a 
dark coloured oil which was subsequentiy used 
without further puriification. 

60 Example 3. 

A mixture of 2 - (2 - methylbenzyl)furan 
(5.2 g.), anhydrous sodium carbonate (12.8 
g.) and methanol (120 ml.) was stirred at 



--2''C. during the addition, over 40 minutes, 
of a solution of bromine (1.6 ml.; 9.3 g.) in 65 
methanol (24 ml.). The mixture was stirred 
for a further 5 minutes, diluted with water 
(300 ml.) and extracted with toluene (4 x 
35 n:il.). The combined toluene extracts were 
dried over magnesium sulphate and evapor- 70 
ated to dryness to give crude 2 - (2 - methyl- 
benzyl) - 2,5 - dimethoxy - 2,5 - dihydro- 
furan (7.2 g.) in the form of a pale brown 
coloured oil, which was then heated under 
reflux with ph^ol (20 g.) and hydrazine 75 
hydrate (2.6 ml.) for 70 hours in an oil 
bath at 120^C. Hydrochloric acid (100 ml. 
of 2N and 10 ml. of concentrated hydrochloric 
add) was added and the mixture was steam- 
distilled to remove phenol. The mixture was SO 
then cooled and extracted with diethyl ether 
(50 ml.). The ether solution was extracted 
with N hydrochloric acid (5 x 10 ml.). Dis- 
solved diethyl ether was removed from the 
combined aqueous acid extracts by the passage 85 
of a stream of air. The aqueous acid solution 
was then treated with charcoal, filtered, 
neutralised with solid sodium bicarbonate, 
basified by the addition of aqueous sodium 
hydroxide solution (2N; 10 ml.) and extracted 90 
with chloroform (5 x 20 ml.). The combined 
chloroform extracts were washed with water, 
dried over magnesium sulphate and distilled 
to give 3 - (2 - methylbeiizyl)pyridazine 
(2.7 g.) as a white solid, m.p. 86— 89°C. 95 
[b.p. 115— 125° C. (batii temperature) /O.l 
nun.Hg), the melting point of which was 
raised to 89— 91^C. by dissolution in 2N 
hydrochloric add, filtration and precipitation 
from the clarified solution by die addition IQO 
of solid sodium carbonate. 

By proceeding in a similar fashion but 
replacing the 2 - (2 - methylbenzyl)furan 
by the appropriate 2-benzylfurans indicated 
below, there were prepared: — 3-benzylpyrid- 105 
azine [b.p, 119— 124 "^C. (bath temperature)/ 
0.15 mni.Hg; m.p. 62— 64*^0., raised to 65— 
67*'C. by recrystallisation from diethyl ether] 
from 2-ben2ylfuran (prepared according to 
Mndzhoyan and Afrikyan, Dorklady Akad; no 
Nauk Armyan SSR, 1957, 25, 201); 
3 - (2 - chlorobenzyl)pyridazine, (b.p. 168— 

1 70^C./0.2 mm.Hg; m.p. 3 8—40° C. ) 

from 2 - (2 - chlorobenzyi)furan; 
3 - (3 - chlorobenzyl)pyridazine (b.p. 110— 115 

115°C./0.2 mm.Hg') from 2 - (3 - chloro- 

benzyl)furan; 
3 - (4 - chIoroben2yl)pyridazine (b.p. 160— 

170°C./0.1 mm.Hg; m.p. 64— 65°C.) 

from 2 - (4 - chIorobenzyi)furan [prepared 120 

accordmg to the metiiod of Mndzhoyan 

(19<S)]^™' I^^. Zh. 19(10), 793 

3 - (2 - fluoroben2yl)pyridazine (b.p. 125— 
130°C./0.1 mm.Hg) from 2 ^ (2 - fluoro- 125 
benzyl )furan; 

3 - (2 - bromobenzyl)pyridazine (b.p. 165— 



15 



1,481,990 



15 



170^C./0.1 mm.Hg) from 2 - (2 - bromo- 
benzyl)furan; 

3 - (2 - methoxybenzyl)pyridazine (b.p. 145 — 
150°C./0.1 mjn.Hg; m,p. 45— 50°C0 
from 2 - (2 - methoxybenzyl)furan [pre- 
viously described by Tiokana, Nippon 
Kagaku Zasshi, 80, 313 (1939)]; 

3 - (2 - ethoxyben2yl)pyrida2ine (b.p. 130 — 
135'*C./0.1 mm.Hg) from 2 - (2 - ethoxy- 
ben2yl)furan; 

3 - (3 - methyiben2yl)pyrida2ine (b.p. 129 — 
131°C./0.2 mm.Hg) from 2 - (3 - methyl- 
benzyl )furan; 

3 - (4 - methylbenzyl)pyridazine (m.p. 103 — 
105 °C. after recrystallisation from cyclo- 
hexane) from 2 - (4 - methylben2:yl)furan 
[prepared according to Mndzhoyan et al, 
Dorklady Akad. Nauk. Armyan SSR, 1958 
27, 301]; 

3 - (2,6 - dichIorobenzyI)pyridazine (m.p, 
65°C.) from 2 - (2,6 - dichlorobenzyO- 
furan; 

3 - (3,4 - dichloroben2yl)pyridazine (m.p. 

9i_92°C.) from 2 - (3>4 - dichloro- 

ben2yl)fiiran; 
3 - (2,3 - dixnethylben2yl)pyridazirie (m.p. 

93---95^C.;b.p. 163— 165°C/0.1 mm.Hg) 

from 2 - (2,3 - dimethylben2yl)furan; 
3 - (2,4 - dimethylben2yl)pyridazine (m.p. 

96— 98^C.; b.p. 178— 180^Cy0.8 mm.Hg) 

from 2 - (2,4 - dimethylbenzyl)furan; 
3 - (2,5 - dimethylbenzyl)pyridazine (b.p. 

145^C./0.25 mm.Hg; m.p. 86— 88^C.) 

from 2 - (2,5 - dimetiiylben2yl)furan; 
3 - (3,5 - dimethylben2yl)pyrida2ine (b.p. 

143^C./0.25 mm.Hg; m.p. 51—54*^0.) 

from 2 - (3>5 - dimetliylben2yl)furaa; 
3 - (2 - ethylbenzyl)pyridazine (b.p. 149 — 

15rC./0.2 mm.Hg; m.p. 41—42*^00 

from 2 - (2 - ethylben2yl)furanj 
(rb) 3 - (1 - phenylethyl)pyridazine (b.p. 

135— 137^C./0.2 mm.Hg; m.p. 47— 

49** C.) from (:±) 2 - (1 i phenylethyl)- 

furan; 

3 - (3,4 - dimethylben2yl)pyrida2ine (b.p. 
153— 155^C./0.25 mm.Hg; m.p. 93— 
95*^0.) from 2 - (3,4 - dimethylbenzyl)- 
furan; 

3 - (2 - methylthiobenzyl)pyridazine (b.p. 
160— 170°C./0.1 mm.Hg; m.p. 62.5— 
64.5^*0.) from 2 - (2 - methylthiobenzyl)- 
furan; 

3 - (4 - chloro - 2 - methylbenzyOpyridazine 
(b.p. 160— 165°C/0.25 mm.Hg; m.p. 

92— 94.5°C.) from 2 - (4 - chloro - 2 - 
methylbenzyl ) f uran ; 

3 - (2 - chloro - 4 - methylbenzyl)pyrida2ine 
(b.p. 145— 150**C./0.2 mm.Hg; m.p. 75— 
77^C.) from 2 - (2 - chloro - 4 - methyl- 
benzyl )f uran; 

3 - (2 - isopropylbenzyOpyridazine (m.p. . 

93 — 95 ^C. after recrystallisation from cyclo- 
hexane) from 2 - (2 - isopropylbenzyl)- 
furan ; 



(dr) 3 - [1 - (2 - methylphenyl)ethyl]- 65 
pyridazine (b.p. 134— 136°C./0.2 nmi.Hg; 
m.p. 73— 74^C.) from (rh) 2 « [1 - (2 - 
methylphenyl)ethyl] furan; 

( ±:) 3 - (1 - phenylpropyl) pyridazine (m.p. 
50—51*^0. after recrystallisation from tol- 70 
uene/light petroleum b.p. 40 — 60** C) from 
(±) 2 - (1 - phenylpropyl) furan; 

(±:) 3 - [1 - (3 - methylphenyl)ethyl]- 
pyridazine (b.p. 165 — 170°C. / 0.1 
mm.Hg;) from (=h) 2 - [1 - (3 - methyl- 75 
phenyl) ethyl] - furan; 

(db)3-[l-(2- chlorophenyl) ethyl] pyrid- 
azine (b.p. 155— 165*^0/0.05 mm.Hg; 
m-p. 44 — 46**C0 from (rfc) 2 - [1 - (2 - 
chlorophenyi) ethyl] furan; 80 

(±:) 3 - [1 - (3 - chlorophenyl)ethyl] pyrid- 
azine (b.p. 170— 180°C./0.05 nim.Hg 
from (±) 2 - [1 " (3 - chlorophenyi) - 
ethyl] furan; 

(±:) 3 - [1 - (4 - chlorophenyi) ethyl] pyrid- 85 
azine (b.p. 145— 150°C./0.1 mm.Hg; 
m.p. 43— 44*'C. after recrystallisation from 
diethyl ether/n-hexane) from (;dr) 2 - [1 - 
(4 - chlorophenyi) ethyl] furan; 

(±) 3 - [1 - (2 - fiuorophenyl)ethyl] pyrid- 90 
azine (b.p, 145— 150°C./0.05 mm.Hg; 
m.p. 57— 58**C.) from ('=t:) 2 - [1 - (2 - . 
fliuorophenyl)ethyl] furan; 

(±) 3 - [1 - (2 - bromophenyl) ethyl] pyrid- 
azine (b.p. 165— 170*'C./0.05 mm.Hg) 95 
from (zb) 2 - [1 - (2 - bromophenyl)- 
ethyl] furan; 

(±) 3 - [1 - (2 - methoxypTienyl)ethyl]- 
pyridazine (b.p. 145— 150°C./0.1 mm.Hg; 
in.p. 69—7VC.) from (zt) 2 - [1 - (2 - 100 
methoxyphenyl ) ethyl ] furan ; 

(zb) 3 - [1 - (2 - ethylphenyl) ethyl] pyrid- 
azine (b.p. 145— 155*^C./0.2 nim.Hg) 
from (±) 2 - [1 - (2 - ethylphenyl)- 
ethyl] furan; 105 

(:=b) 3 - (1 - (2,3 - dimethylphenyl ) ethyl ]- 
pyridazine (m.p. 99— 100**C. after re- 
crystallisation from cyclohexane) from (db) 
2 - [1 - (2,3 - dimethylphenyl)ethyl]- 
furan; 110 

(:±:) 3 - [1 - (2,4 - dimethylphenyl)ethyl]- 
pyridazine (b.p. 150 — 155*^C./0.05 
mm.Hg; m.p. 81— 82°C0 from (±) 2 - 
[1 - (2,4 - dimethylphenyl)ethyl] furan; 

(rb) 3 - [1 - (2,4 - dichlorophenyl) ethyl]- 115 
pyridazine (b.p. 138°C./0.1 mm.Hg) from 
(izt) 2 - [1 - (2,4 - dichlorophenyl)- 
ethyl] furan; 

( ±:) 3 - [1 - (4 - chloro - 2 - methylphenyl)- 
ethyl] pyridazine (b.p. 170— 175°C./0.1 120 
mm.Hg; m.p. 72— 74°C.) from (:=fc) 2 - 
[1 - (4 - chloro - 2 - methylphenyl ) ethyl] 
furan; 

(d=)3-[l-(2- methylphenyl)propyl]- 
pyridazine (b.p. 130^C./0.05 mm.Hg; 125 
m.p. 45—47*^0.) from (;zfc) 2 - [1 - (2 - 
methylphenyl ) propyl ] furan ; 

(zt) 3 - ~ hydroxybenzyl) pyridazine (m.p. 
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140— 143 °C.) from (zfc) 2 - - hydroxy- 
benzyl)furan; 
(±:) 3 - (2 - chloro - « - hydroxybenzyl)- 
pyridazine (m.p. 118— 119**C.) from 
5 2 - (2 - chloro - « - hydroxybenzyl)furan; 
(dt) 3 - (2 - bromo - « - hydroxybenzyl)- 
pyridazine (m.p. 138 — HO'^C after re- 
crystallisation from toluene) from ('±;) 2 - 
(2 - bromo - a - hydroxybenzyl)furan; 
10 (idb,) 3 - - hydroxy - 2 - mediyl- 
benzyl)pyridazine (b.p. 195 — 205°C./0.1 
mm.Hg; m.p. 86— 88°C.) from (d::) 2 - 
(o: - hydroxy - 2 - methylben2yi)furaii; 
(rfc) 3 - (« - hydroxy - 2 - methoxybenzyl) - 
15 pyridazine (b,p. 190— 197**C/0.5 mm.Hg; 
m.p. 9A — lOO^Q) from (idz) 2 - - 
hydroxy - 2 - methoxyben^l)fiiran; 
(i=b) 3 - (2 - ethyl - « - hydroxybenzyl)- 
pyridazine (m.p. 70 — 72^C. after recrystal- 
20 lisation from cyclohexane) from (!zh) 2 - 
(2 - ethyl - a - hydroxybenzyl)furan; 
( dz) 3 - (233 - dichloro - o: - hydxoxybenzyl)- 
pyridazme (m.p, 160 — 162°C. after re- 
crystallisation from toluene) from (±:) 2 - 
25 (2,3 - dichloro - « - hydroxybenzyl)furan; 
(i±) 3 - (2,5 - dichloro - o; - hydroxybenzyl)- 
' pyridazine (m.p. 147— 148''C.) from (dr) 
2 - (2,5 - dichloro - - hydroxybenzyl)- 
furan; 

30 (db) 3 - (la - methoxybenzyl) pyridazine 
(b.p. 130°C./0.05 mm.Hg) from (ri=) 2 - 
(« - methoxybenzyl) furan; 
(,dz) 3 - (^i: - ethoxybenzyl) pyridazine (b.p. 
175_180^C./0.5 mm.Hg) from (±:) 2 - 

35 (a - ethoxybenLzyl) furan; 

(;rfc) 3 - (2 - chloro - a - methoxybenzyl) - 
pyridazine (b.p. 145— ISO^'C./O.l mm.Hg) 
from (±) 2 - (2 - chloro - « - methoxy- 
benzyl) furan; 

40 (i=b) 3 - (2 - bromo - « - methoxybens^yl)- 
pyridazine (b.p. 142— 150''C./0.05 mmHg) 
from (±) 2 - (2 - bromo - a - methoxy- 
benzyl} furan; 
(;±:) 3 - (2 - methyl - « - methoxybenzyl) - 

45 pyridazine (b.p. 135 — 138*^0. / 0.05 
mm.Hg) from (±) 2 - (2 - methyl - a - 
methoxybenzyl) furan and 
(.±:) 3 - (2 - ethyl - a - methoxybenzyl) - 
pyridazine (b.p. 152 — 153 °C. / 0.5 

50 mm.Hg) from ( db 2 - (2 - ethyl - a - 
methoxybenzyl) furan. 

2-Benzylfurans used as starting materials in 
die above preparations may be prepared by 
the followiiig procedures: — 

55 (a) A mixture of 2-methylbenzyl bromide 
[prepared as described by Radziszewaki and 
Wispek, Ber, 75, 1747 (1882); 18.5 g.], 
methyl 2-furoate (15.3 g.) and anhydrous 
ferric chloride (0.3 g.) in dry carbon tetra- 

60 chloride (25 ml.) was heated on a steam 
bath under reflux for 18 hours and then 
distilled to give crude methyl 5 - (2 - methyl- 
benzyl) - 2 - furoate (7.7 g.) in the form 
of a pale brown coloured oil, b.p, 120 — 



145°C./0.1 mm.Hg, suitable for use as a 55 
starting material in procedures hereinafter 
described. 

(b) A mixture of 2-methylbenzyl chloride 
[prepared as described by Voronkov and 
Popova, Latv. P.S.R. Zinat. Akad. Vestis 70 
Kim. Sev. 1970(5), 595; 62 g.], methyl 
2-furoate (114 g.) and anhydrous ferric 
chloride (L4 g.) in dry carbon tetrachloride 
(120 ml.) was heated on a steam bath under 
reflux for 18 hours, The solution was then 75 
evaporated to dryness. The residue was dis- 
solved in chloroform^ washed with 2N hydro- 
chloric acid and water, dried over magnesium 
sulphate and distilled to give methyl 5 - (2 - 
methylbenzyl) - 2 - furoate (50 g.) in the go 
form of a yellow coloured oil, b.p. 140 — 
170**C./0.1— 0.5 mm.Hg. 

By proceedmg in a similar fashion but re- 
placing the 2-methylben2yl chloride by 2 - 
chlorobenzyl chloride [prepared as described 35 
by Olivier, Rec. Trav. Chim., 41, 308 
(1922)] J 2-bromobenzyl chloride [prepared 
as described by Jacobs and Heidelberger, J. 
Biol, Chem., 20, 659 (1915)], 2-fluorobenzyI 
chloride [prepared as described by Binnett 90 
and Jones, J.C.S. (1935), 1815], 2-ethoxy- 
benzyl chloride [prepared as described by 
Pschorr and Zeidler, Ann., 373, 76 (1910)], 
2,6-dichlorobenzyi chloride [prepared as des- 
cribed by Austin and Johnson, J.A.C.S., 54, 95 
647 (1932)], 3,4-dichlorobenzyl chloride 
[prepared as described by Beilstein and Kuhl- 
berg, Ann., 146, 326 (1868)], 2,3-dimethyl- 
benzylchloride [prepared as described by 
Smith and Spillam, J.A.C.S., 52, 2640 100 
( 1940) ] , 2,4-dimethylbenzyl chloride [pre- 
pared as described by von Braun and Neiles, 
Ber., 57, 1094 (1934)], 2,5-dimethylbenzyl 
chloride, 2-ethylbenzyl ctdoride (prepared as 
described by Zanten and Nauta, Rec. Trav. 105 
Chim., 1960, 79, 1211), (dz) 1-phenylethyi 
chloride [prepared as described by von Braun 
and Nelles, Ber., 67, 1094 (1934)], 3,4- 
dimethylbenzyl chloride [prepared as des- 
cribed by Benington, Morin & Clarke, J. Org. 110 
Chem., 1960, 25, 2066), 2-methylthiobenzyl 
chloride [previously reported by Grice and 
Owen, J.C.S. 1963, (1947)], 4 - chloro - 2 - 
methylbenzyl chloride [previously reported by 
Osdene et d, J. Med. Chem., 10, 434 115 
(1967)], 2 - chloro - 4 - methylbenzyl chlor- 
ide [previously reported by Wukae & Konishi, 
Yuki Gosei Kagaku Kyokaishi 17, 697 
(1959)], 1 - (2 - methylphenyl)ethyi chlor- 
ide [prepared as described by Baddeley and 120 
Chadwick, J.C.S., 1952, 372], l-phenylpropyl 
chloride [prepared as described by Pickard 
& Kenyon, J.CS. 1911, 71], 1 - (3 - methyl- 
phenyl) ethyl chloride [prepared as described 
by Lewis, Johnson & Coppinger, J.A.C.S., SI, 125 
3140 (1959)], 1 - (2 - chlorophenyl) ethyl 
chloride [prepared as described by Mamedov 
et al, Azerb. Khim. Zh, 5, 50 (1967)], 1 - 



17 



1,481,990 



17 



(3 - chlorophenyl) ethyl chloride [prepared 
as described by Emerson & Lucas, J.A.C.S. 
70, 1180 (1948)], 1 - (4 - chlorophenyl )- 
ethyl chloride [prepared as described by 
5 Woodcock, J.C.S. 1949, 203], 1 - (2 - fluoro- 
phenyl) ethyl chloride, 1 - (2 - bromophenyl)- 
ethyl chloride [prepared as described by Mar- 
vel & Moon, J.A.C.S. 62, 45 (1940)], 1 - 
(2,3 - dimethylphenyl)ediyl chloride, 1 - 
10 (2,4 - dimethylphenyl) ethyl chloride and 1 - 
(2,4 - dichlorophenyl) ethyl chloride, there 
were obtained respectively: — 
methyl 5 - (2 - chlorobenzyl) - 2 - furoate, 

b.p. 160— 180^C,/0.1 mm.Hg; 
15 methyl 5 - (2 - bromobenzyl) - 2 - furoate, 

b.p. 160°C./0.1 mm.Hg; 
methyl 5 - (2 - fluorobenzyl) - 2 - furoate, 
. b.p. 13 (^145° a/0.25 mm.Hg; 
methyl 5 - (2 - ethoxybenzyl) - 2 - furoate, 
20 b.p. 145— 165°C./0.2 mm.Hg; 

methyl 5 - (2,6 - dichlorobenzyl) - 2 - furoate, 

b.p. 180— 220**C./0.1— 0.2 mm.Hg; 
methyl 5 - (3,4 - dichlorobenzyl) -^2 - 

furoate, b.p. 160— 210*'C./0.2 mm.Hg; 
25 methyl 5 - (2,3 - dimethylbenzyl) - 2 - 

furoate, b.p. 155 — 158°C./0.2 mm.Hg; 
methyl 5 - (2,4 - dimethylbenzyl - 2 - 

furoate, b.p. 146— 15O°C./0.3 mm.Hg; 
methyl 5 - (2,5 - dimethylbenzyl) - 2 - 
30 furoate, b.p. 147— 152°C./0.25 mm.Hg; 
methyl 5 - (2 - ethylbenzyl) - 2 - furoate, 

b.p. 141— i46^C./0.25 mm.Hg; 
methyl (dz) 5 - (1 - phenylethyl) - 2 

furoate, b.p. 140°C./0.14 mm.Hg; 
35 methyl 5 - (3,4 - dimethylbenzyl) - 2 - 

furoate, b.p. 143— HS^'C./O.l mm.Hg; 
methyl 5 - (2 - methylthiobenzyl) - 2 - 

furoate, b.p. 190— 192^C./0.6 mm.Hg; 
methyl 5 - (4 - chloro - 2 - methylbenzyl) - 
40 2 - furoate, b.p. 144— 150°C./0.05 mm.Hg; 
methyl 5 - (2 - chloro - 4 - methylbenzyl) - 

2 - furoate, b.p. 140— 165°C./0.12 mm.Hg; 
methyl (±) 5 - [1 - (2 - methylphenyl)- 

ethyl] - 2 - furoate, b.p. 125— 128°C./0.15 
45 mm.Hg; 

methyl (dz) 5 - (1 - phenylpropyl) - 2 - 

furoate, b.p. 140— 160^C./0.2 mm.Hg; 
methyl (±:) 5 - [1 - (3 - niethylphenyl)- 

ethyl] - 2 - furoate, b.p. 125— 150^C./0.1 
50 mm.Hg; 

methyl (±;)5-[l-(2- chlorophenyl )- 

ethyl] - 2 - furoate, b.p. 130— 170°C./0.2 

mm.Hg; 

methyl (dr) 5 - [1 - (3 - chlorophenyl )- 
55 ethyl] - 2 - furoate, b.p, 155— 175°C./0.1 
mm.Hg; 

methyr(H::) 5 - [1 - (4 - chlorophenyl )- 
ethyl] - 2 - furoate, b.p. 160— 180°C./0.2 
mm.Hg; 

60 methyl (i) 5 - [1 - (2 - fluorophenyl)- 
ethyl] - 2 - furoate, b.p. 14O-150°C./0.05 
mm.Hg; 

methyl (±:) 5 - [1 - (2 - bromophenyl)- 



ethyl] - 2 - furoate, b.p. 163— 187°C./0.2 
mm.Hg; 

methyl (h=) 5 - [1 - (2,3 - dimethylphenyl) - 
ethyl] - 2 - furoate, b.p. 140— 180*=C./0.1 
mm.Hg; 

methyl (±:) 5 - [1 - (2,4 - dimethylphenyl )- 

ethyl] - 2 - furoate, b.p. 135— 175°C./0.05 70 

mm.Hg, and 
methyl (±) 5 - [1 - (2,4 - dichlorophenyl )- 

ethyl] - 2 - furoate, b.p, 180— 200^C/0.1 

mm.Hg, 

(c) A mixture of 2-methylbenzoyl chloride 75 
(prepared as described by Frankland and 
Ashton, Trans. Chem. Soc. 1899, 75, 494; 
77 g.), methyl 2-furoate (83 g.), anhydrous 
ferric chloride (1.5 g.) and carbon tetra- 
chloride (125 ml.) was heated under rejSux 80 
on a steam bath for 7.5 hours and then 
distilled to give methyl 5 - (2 - methyl- 
benzoyl) - 2 - furoate (110 g.) in the form 
of a colourless oil, b.p. 170^C./0.2 nim.Hg. 

By proceeding in a similar fashion but re- 85 
placing the 2-methylbenzoyl chloride by 2- 
chlorobenzoyl chloride [prepared as described 
by Emmerling, Ber. 5, 883 (1875)], 3-chloro- 
benzoyi chloride [prepared as described by 
Limprikt and von Uslar, Ann, 102, 263 90 
(1857)], 3-methylben2oyl chloride [prepared 
as described by Frankland and Aston, Trans. 
Chem, Soc, 1899, 75, 494], 3,4-dichloroben- 
zoyl chloride [prepared as described by Cohen 
and Briggs, J.C.S., (1903), S3, 1213], 2- 95 
bromobenzoyl chloride [prepared as described 
by Schotten, Ber., 21, 2251 (1888)], 2-etliyl- 
benzoyl chloride [prepared as described by 
Giebe, Ber., 29, 2535 (1896)], 4 - chloro - 
2 methylbenzoyl chloride [prepared as des- 100 
cribed by Verbeest and Slootmaekers, BuU. 
Soc. Chim. Bdg., 77, 287 (1968)], 2,3-di- 
methylbenzoyl chloride [prepared as described 
by Bergmann and Ikan, J.A.C.S., SO, 5803 
(1958)], 2,5-dimethylbenzoyl chloride [pre- 105 
pared as described by van Zanten and Nauta, 
Rec. Trav. Chim. 79, 1211 (I960)] and 3,5- 
dimethylbenzoyl chloride [prepared as des- 
cribed by Gryszkiewiez-Trochimowski and 
Schmidt, Bull. Soc. Chun., France, 593 110 
(1948)], respectively, there were obtained: — 
methyjf 5 - (2 - chloro benzoyl) - £ - furoate, 

xn.p, 70— 71'='C.; 
methyl 5 - (3 - chiorobenzoyl) - 2 - furoate, 

b.p. 170— 180°C./0.1 mm.Hg; 115 
methyl 5 - (3 - methylbenzoyl) - 2 - furoate, 

b.p. 155— 160*^C./0.2 mni.Hg; 
methyl 5 - (3,4 - dichlorobenzoyl) - 2 - 

furoate, m.p. 99— 101 ^C; 
methyl 5 - (2 - bromobenzoyl) - 2 - furoate, j20 

b.p. 173— 215'^C/O.l mm.Hg; 
methyl 5 - (2 - ethylbenzoyl) - 2 - furoate, 

b.p. 175— 195°C./0.05 mm.Hg. 
methyl 5 - (4 - chloro - 2 - methylbenzoyl) - 

2 - furoate, m.p. 102— 103 °C.; 125 
methyl 5 - (2,3 - dimethylbenzoyl ) - 2 - 
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furaate, b,p. 183— 188°C/0.5 mm,Hg; 
methyl 5 - (2,5 - dimethylbenzoyl) - 2 - 

furoate, m.p. 116 — 118°C., and 
methyl 5 - (3,5 - dimethylbenzoyl ) - 2 - 
5 furoate, b.p. 188— 196^C./0,3 mm.Hg. 
(d) A cold solution of potassium hydroxide 
(2.2 g.) in water (4 ml.) and methanol (8 
ml.) was added to a solution of methyl 5 - 
(2 - methylbenzyl) - 2 - furoate [prepared 
10 as described in (a) or (b) above; 7.7 g.] 
in methanol (20 ml.) and the mixture was 
allowed to stand overnight at ambient tem- 
perature. The solution was then evaporated to 
dryness. The residue was dissolved in water 
15 (75 ml.) and filtered. The filtrate was acidi- 
fied by the dropwise addition of concentrated 
hydrochloric acid, with stirring, to precipitate 
5 - (2 - methylbenzyl) - 2 - furoic add 
(4.5 g.) in the form of a white solid, m.p. 
20 138— 140°C. 

By proceeding in a similar fashion but re- 
placing the methyl 5 - (2 - methylbenxyl) - 
2 - furoate by the appropriate methyl 5 - 
benzyl - 2 - furoate prepared as described in 
(b) above there were obtained:— 
5 r (2 - chlorobenzyl) - 2 - furoic acid, na.p. 

135— 139^C.; ^ 
5 - (2 - bromobenzyl) - 2 - furoic acid, m.p. 
141— 143^C.; 
30 5 - (2 - fiuorobenzyl) - 2 « furoic acid, m.p. 
132— 134^C.; 
5 - (2 - ethoxybenzyl) - 2 - furoic acid, m.p. 

128— 130*^0.; 
5 - (2,6 - dichlorobenzyl) - 2 - furoic acid, 
35 m.p. 174— 177°C.; 

5 - (2,3 - dimethylbenzyl) - 2 - furoic acid, 
m.p. 148— 150*C (after recrystaUisation 
from aqueous isopropanol) ; 
5 - (2,4 - dimethylbenzyl) - 2 - furoic acid, 
40 m.p. 154— 156°C.; 

5 - (2,5 - dimethylbenzyl) - 2 - furoic acid, 

m.p. 127— 129°C.; 
5 - (2 - ethylbenzyl) - 2 - furoic acid, m.p. 

45 (=t:)5-(l - phenylethyl) - 2 - furoic acid, 
m.p. 103— 105^*0. (previously made by a 
different route by Mndzhoyan and Aroyan, 
Dorklady Acad. Nauk. Armyan, SSR,-19575 
2S, 267); 

50 5 - (3,4 _ dimethylbenzyl) - 2 - furoic acid, 

m.p. 131— 133*^0.; 
5 - (2 - methylthiobenzyl) - 2 - furoic acid, 

in.p. 142— 143°C.; 
5 - (4 - chloro - 2 - methylbenzyl) - 2 - 
55 - furoic acid, m.p. 144 — 145°C; 

5 - (2 - chloro - 4 - methylbenzyl) - 2 - 

furoic acid, m.p. 131.5— 133''C.; 
0=fc) 5 - [1 - (2 - methylphenyl) ethyl] - 

2 - furoic acid, m.p. 116— 117^C. (after 
60 crystallisation from cyclohexane) ; 

(±) 5 - (1 - phenylpropyl) - 2 - furoic acid, 

m.p. 97— 99°C.; 
(it:) 5 - [1 - (3 - methylphenyl)ethyl] - 

2 - furoic acid, m.p. 98— lOO^C; 



- 2 
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(zb) 5 - [1 - (2 - chJorophenyI)ethyl] 

2 - furoic acid, m.p. 80— 86°C; 
(±) 5 - [1 - (3 - chlorophenyl)ethyl] 

furoic acid, m.p. 95— 98''C.; 
(zh) 5 - [1 - (4 - chlorophenyi) ethyl] 

furoic acid, m.p, 112 — IWC; . 
(d=) 5 - [1 - (2 - fluorophenyl)ethyl] - 2 - 

furoic acid, m.p. 99— lOl^'C; 
(=fc) 5 - [1 - (2 - bromophenyl) ethyl] - 2 - 

furoic acid, m.p. 95 — 98 °C; 
(rfc) 5 - [1 - (2,3 - dimethylphenyl)ethyl] - 

2 - furoic acid, m.p. 103 — 108**C.; 
(zh) 5 - [1 - (2,4 - dimethylphenyl)ethyl] - 

2 - furoic acid, m.p. 107 — 112°C., and 
(:zt) 5 - [1 " (2,4 - dichiorophenyl)ethyl] - 

2 - furoic acid, m.p. 115 — 120°C. 
(e) A warm solution of potassium hydroxide 
(28 g.) in water (60 ml.) and methanol (120 
ml.) was added to a warm solution of methyl 
5 - (2 - methylbenzoyl) - 2 - furoate [pre- 
pared as described in (c) above; 110 g.] in 
methanol (550 ml.) and the mixture was 
allowed to stand at ambient temperature for 
one hour. The solution was then oasified by 
the addition of 2N aqueous sodium hydroxide 
solution (50 ml.) and allowed to stand at 
ambient temperature overnight. The alkaline 
solution thus obtained was evaporated to dry- 
ness and the residue was dissolved in water. 
The aqueous solution was magnetically stirred 
whilst it was made strongly acid by the addi- 
tion of concentrated hydrochloric acid. The 
precipitate was collected and washed with 
water to give 5 - (2 - methylbenzoyl) - 2 - 
furoic add (100.5 g.), m.p. 155— 157°a 

By proceeding in a similar fashion but 
replacing the methyl 5 - (2 - methylbenzoyl) - 
2 - furoate by the appropriate methyl 5 - 
benzoyl - 2 - furoate prepared as described 
in (c) above, there were obtained:— 
5 - (2 - chlorobenzoyl) - 2 - furoic acid, m.p, 

160— 16rC; 
5 - (3 - chlorobenzoyl) 

193— 195*^C,; 
5 - (3 - methylbenzoyl) 

153 — 155°C. (after recrystallisation from 
toluene); 

5 - (3,4 - dichlorobenzoyl) - 2 - furoic acid, 

m.p, 210— 218^C.; 
5 - (2,3 - dimethylbenzoyi) - 2 - furoic acid, 

m.p. 195 — 197°C. (after recrystallisation 

from aqueous isopropanol); 
5 - (2,5 - dimethylbenzoyl) - 2 - furoic acid, 

m.p. 179 — 181°C. (after recrystallisation 

from aqueous isopropanol); 
5 - (3,5 - dimethylbenzoyl) - 2 - furoic acid, 

m.p. ,194— 196*=*C. (after recrystallisation 

from aqueous isopropanol); 
5 - (2 - bromobenzoyi) - 2 - furoic acid, 

m.p. 167— 168 ^C; 
5 - (2 - ethylbenzoyl) ^ 2 - furoic acid, m.p. 

133— 135 ^C, and 
5 - (4 - chloro - 2 - methyl) - 2 - furoic 

acid, m.p. 201 — 203*^0. 



furoic acid, m.p. 
2 - furoic acid, m.p. 
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(f) 5 - (2 - Methylbenzoyl) - 2 - furoic 
acid [prepared as described in (e) above; 
96,6 g.] was added to a solution of potassium 
hydroxide (70 g.) in diethylene glycol (530 
5 ml.) at 100 — llO^'C. When the solution was 
complete, hydrazine hydrate (58%; 53 ml.) 
was added. The mixture was gradually 
warmed and then maintained imder reflux 
at 145 ''C. for 7 hours. Evolution of nitrogen 

10 was monitored by collectipg the gas over water. 
Evolution of nitrogen did not completely 
cease. The reaction mixture was cooled, diluted 
with water (600 ml.) and stirred while acidify- 
ing by dropwise addition of concentrated 

15 hydrochloric acid to give crude 5 - (2 - 
methylbenzyl) - 2 - furoic acid in the form 
of a sticky, brown coloured solid^ which was 
collected, washed with water and dried. The 
solid thus obtained was disolved in a mixture 

20 of saturated aqueous sodium bicarbonate solu- 
tion (420 ml.) and water (420 ml.), treated 
with charcoal and filtered. The filtrate was 
acidified by the dropwise addition, with stir- 
ring, of concentrated hydrochloric acid until 

25 the powdery precipitate began to become 
sticky. The addition of a little 2N aqueoas 
sodium carbonate solution removed this sticki- 
ness and a white powdery solid was collected, 
washed with water and dried to give 5 - (2 - 

30 methylbenzyl) - furoic acid (39 g.), m.p. 
136— 138*'C., raised to 139— Ul^^C bv re- 
crystallisation from light petroleimi (b.p. 
100— 120^C)- 

By proceeding in a similar fashion but 

35 replacing the 5 - (2 - methylbenzoyl) - 2 - 
furoic acid by the appropriate 5 - benzoyl - 
2 - furoic add prepared as described in (e) 
above^ there were obtained:— 
5 - (2 - chlorobenzyl) - 2 - furoic acid, m.p. 

40 132— 134'' Co 

5 - (3 - chlorobenzyl) - 2 - furoic acid, m.p. 
78_83°Q; 

5 - (3 - methylbenzyl) - 2 - furoic acid, m.p. 
117 — ^119°C. (after recrystallisation from 
45 aqueous isopropanol) i 

5 - (JA ' dichlorobenzyl) - 2 - furoic acid, 

m.p. 138— 140°C.; 
5 - (2,3 - dimethylbenzyl) - 2 - furoic acid, 
148— 150*'C. (after recrystallisation 
50 from toluene); 

5 - (2,5 - dimethylbenzyl) - 2 - furoic acid, 

m.p. 127— 129^G., and 
5 - (3,5 - dimethylbenzyl) - 2 - furoic acid, 
m.p. 12-1 — 126*^0. (after recrystallisation 
55 from aqueous isopropanol). 

[It is to be observed that, in the reduction 
of the 5 - benzoyl - 2 - furoic acids with 
hydrazine hydrate, when a substituent is 
present in the 2-position of the benzoyl moiety, 
60 evolution of nitrogen did not completely cease, 
while in the case of 5 - benzoyl - 2 - furoic 
acids without a substituent in the 2-position, 
evolution of nitrogen ceased after a shorter 
jiferiod, e.g. 1 to 2 hours, and the reaction 
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could be terminated at that point. In the case 65 
of the 5 - benzyl - 2 - furoic acids without 
a substituent in the 2-position, the correspond- 
ing 5 - benzyl - 2 - furoic acids were ob- 
tained in good yield and in an almost pure 
state; the yields and purity of 5 - benzyl - 2 - 70 
furoic acids with a substituent in the 2-position 
were usually lower]. 

(g) A mixture of 5 - (2 - methylbenzyl) - 
2 - furoic acid [prepared as described in 
(d) or (f) above; 26.2 g.) and cupric oxide 75 
(1 g.) was heated at 200'' C. for 4 hours 
until evolution of carbon dioxide almost 
ceased. The residue was cooled and distilled 
to give 2 - (5 - methylbenzyl) fur an (16.5 
g.), b.p. 118°C./20 mm.Hg, in the form of 80 
a pale yeUow coloured oil. 

By proceeding in a similar fashion, but 
replacing the 5 - (2 - methylbenzyl) « 2 - 
furoic acid by the appropriate 5 - benzyl - 2 - 
furoic acid prepared as described in (d) or 85 
(f) above, there were obtained: — 
2 - (2 - chlorobenzyl) furan, b.p. 65°C./0.06 

mm.Hg; 

2 - (3 - chlorobenzyl)furan, b.p. 80— lOO^C./ 
0.2 mm.Hg; 90 

2 - (2 - fluorobenzyl) furan, b.p. 60 — 65*^0./ 
0.1 mm.Hg; 

2 - (2 - bromobenzyl)furan, b.p. 98— lOO'^C,/ 
0.1 mm.Hg; 

2 - (2 - ethoxybenzyl) furan, b.p. 151 — 95 

151.5*G./20 mm.Hg; 
2 - (3 - methylbenzyl) furan, b.p. 126 — 

128°C./20 mm.Hg; 
2 - (2,6 - dichlorobenzyl) furan, b.p. 120^C./ 

0.2 mm.Hg; 100 
2 - (3,4 - dichlorobenzyl)furan, b.p. lOO'^C/ 

0.1 tnm.Hg; 
2 - (2,3 - dimethylbenzyl) furan, b.p. 143 — 

145°C./20 mm.Hg; 
2 - (2,4 - dimethylbenzyl) furan, b.p. 139 — 105 

14l°C./25 mm.Hg; 
2 - (2,5 - dimethylbenzyl) furan, b.p. 136 — 

138°C./20 mm.Hg; 
2 - (3,5 - dimethylbenzyl) furan, b.p. 138 — 

140°C./25 mm.Hg; HO 
2 - (2 - ethylbenzyi) furan, b.p, 130— 132**C./ 

20 mm.Hg; 
(it) 2 - (1 - phenylethyl) furan, b.p. 119 — 

120^C./20 mm.Hg; 
2 - (3,4 - dimethylbenzyl) furan, b.p. 140 — 

142°C,/20 mm.Hg; 
2 - (2 - methylthiobenzyl)furan, b.p. 158 — 

160^C./20 mm.Hg; 
2 - (4 - chloro - 2 - methylbenzyl) furan, 

b.p. 155— 160^C./20 mm.Hg; 120 
2 - (2 - chloro - 4 - methylbenzyl) furan, 

b.p. 141— 143°C./20 mm.Hg; 
(rfc) 2 - [1 - (2 - methyiphenyl) ethyl] furan, 

b.p, 122—125 °C./20 mm.Hg; 
(it) 2 - (1 - phenylpropyl) furan, b.p. 118 — 125 

120°C./20 mm.Hg; 
(.zt) 2 - [1 - (3 - methylphenyl)ethyl] furan, 

b.p. 13 8—140° C./20 mm.Hg; 
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(;d=) 2 - [1 - (2 - chlorophenyl)ethyl]furaii, 

b.p. 122— 128°C./20 mm.Hg; 
(±:) 2 - [1 - (3 - chlorophenyl) ethyl Ifuran, 
b.p. 132— 140°C./20 mmMg; 
5 (±) 2 - [1 - (4 - chlorophenyl) ethyl ]furan, 
b.p. 130— 140°C./20 mm.Hg; 
(zt) 2 - [1 - (2 - fiuorophenyl) ethyl Ifuran, 

b.p. l(58°C./20 mm.Hg; 
=b 2 - [1 - (2 - bromophenyl-ethyljfuran, b.p. 
10 140— 160'^C./20 mm.Hg; 

(±) 2 - [1 ^ (2,3 - dimethylphenyi)ethyl]- 

furan, b.p. 144— 150°C/20 mm.Hg; 
(±:) 2 - [1 ^ (2,4 - dimethylphenyl ) ethyl] - 
furan, b.p. 129— 13rC./20 mm.Hg, and 
15 (d=) 2 - [1 . (2,4 - dichiorophenyl) ethyl ]- 
furan, b.p. 145— 155^C/20 mm.Hg. 
By proceeding in a similar fashion but 
replacing the 5 - (2 - methylbenaryl) - 2 - 
furoic acid by the appropriate 5 - benzoyl - 
20 2 - furoic acid prepared as described in (e) 
above there were prepared: — - 
2 - (2 - chlorobenzoyl) furan, b.p. 130 — 

140°C/0.2 mm,Hg; 
2 - (2 - bromobenzoyl) furan, b.p. 135 — 
25 155**C./0.05 mm.Hg, m.p. 52— 57°C.; 
2 - (2 - ethylbenzoyi) furan, b.p. I62*C;/20 
nim.Hg; 

2 - (4 - chloro - 2 - methylbenzoyl) furan, 
b.p. 132— 144^C./0.05 mm.Hg, m.p. 48— 
30 49^C., and ^ ^ 

2 - (2 - methylbenzoyl) furan, b.p. 152''C./ 
20 mm.Hg. 

(h) 1 - (2 - Fluorophenyl)ethyl chloride 
was prepared as foUows: — 

35 Thionyl chloride (100 ml.) was added to 
a solution of 1 - (2 - fiuorophenyl )ethanol 
^ [described by McCall, J.A.C.S, 74 4809 
(1952)] (105 g.) in dry chloroform (200 
ml.). After the vigorous initial reaction had 

40 subsided, the solution was heated at rejflux 
on a steam bath for 30 minutes. The excess 
of thionyl chloride was removed by repeated 
co-distillation with dry toluene and the residue 
was diluted with diethyl ether, washed with 

45 water (2 x 100 ml.), dried over sodium sul- 
phate, filtered and evaporated to a yellow 
liquid, which was distilled to give 1 - (2 - 
fiuorophenyl) ethyl chloride (73.2 g.), b.p. 
70— 75°C./20 mm.Hg, as a pale yellow oil. 

50 By proceeding in a similar manner but 
replacing 1 - (2 - fiuorophenyl )ethanol by 
the appropriate phenyl ethanols there were 
prepared: — 

1 - (2,3 - dimethylphenyl) ethyl chloride, as 
55 a dark oil which was not distilled; 

1 - (2,4 - dimethylphenyl) ethyl chloride, as 

a light oil which was not distilled, and 
1 - (2,4 - dichlorophenyl)ethyl chloride, as 

a light oil which was not distilled. 
60 1 - (2,3 - Dimethylphenyl)ethanol has been 
described by Masauda et ah Bull. Jap. Petrol, 

Inst., 13, 228 (1971). 
1 - (2,4 - Dimethylphenyl )ethanol has been 



described by Klages, Ber., 35, 22^8 
(1902). 65 
1 - (2,4 - Dichlorophenyl)ethanol has been 
described by Evans et d,, J.C.S., 1927, 1164. 
(i) (±) 2 - (« - Hydroxybenzyl) furan was 
prepared as follows: — 

A solution of furfuraldehyde (288 g.) in 70 
diethyl ether (400 ml.) was added over .30 
minutes to a stirred solution of phenyl mag- 
nesium bromide [prepared from bromoben- 
zene (314 g.) and magnesium (48 g.)] in 
diethyl ether (1400 ml.) 2Lt --ZS^'C, The cool- 75 
ing bath was removed and the mixture was 
allowed to attain 10° C. over 30 minutes. The 
mixture was recooled to O'^C. and saturated 
aqueous ammonium chloride solution was 
added at that temperature. The mixture was 80 
diluted with water (2 litres) and the organic 
phase was separated. The aqueous phase was 
filtered and extracted with diethyl ether (3 x 
200 ml.) and the combined ethereal solutions 
were dried over sodium sulphate, filtered and 85 
evaporated to dryness. The resulting pale red 
oil was distilled to give ( zt) 2 - (« - hydroxy- 
ben2yl)furan (240 g.), b.p. 110— 130^C./ 
0.05 mm.Hg. 

By proceeding in a similar manner but 90 
replacing bromobenzene by 2-bromotoluene 
[described by Hiibner & Wallach, Zeitschrift 
fiir Chemie (1869) 138], 2-methoxybromo- 
ben^sene [described by Doran, J.A.C.S. 51, 
3449 (1929)], 2-ethyIbromoben2ene [des- 95 
cribed by Kiouwen & Boelens, Rec. Trav. 
Chim. 79, 1022 (I960)], 2,3-dichlorobromo- 
benzene (described by Hurtley, J.C.S. 1901, 
79, 1302) and 2,5-diclilorobromobenzene 
[described by Noel ting & Kopp, Ber, 38, 100 
3509 (1905)], the following a-hydroxybenzyl 
furans were prepared: — 
(±) 2 - (« - hydroxy - 2 - methylbenzyl)- 

furan, b.p, 125— 130^C/0.1 mm.Hg; 
(zt) 2 - (a ~ hydroxy - 2 - methoxybenzyl)- 105 

furan, b.p, 118— 122°C./0.2 mm.Hg; 
(;±:) 2 - (2 - ethyl - « - hydroxybenzyl"! - 

furan, b.p. 110— 112^C./0.15 mm.Hg; 
( ±) 2 - (2,3 - dichloro - « - hydroxybenzyl)- 

furan, b.p. 155— 160^C./03 mm.Hg, and 110 
(H=) 2 - (2,5 - dichloro - a - hydroxybenzyl)- 
furan, b.p. 125— 142°C./0.1 mm.Hg. 
i) (±)2-(2- Chloro - « - hydroxy- 
benzyl) furan was prepared as follows: — 

Portions of sodium borohydride (total 15 115 
g.) were added over an hour to a stirred 
solution of 2 - (2 - chlorobenzoyi) furan (pre- 
pared as hereinbefore described; 100 g.) in 
methanol (500 ml.) at 10—25*^0. After stir- 
ring for 1 hour, the solution was heated briefly 120 
to the boiling point and, when eifervescence 
had ceased, sodium hydroxide solution (2N, 
100 ml.) was added. The solution was heated 
at reflux for 30 minutes, diluted with water 
(1 litre) and extracted with diethyl ether 125 
(4x150 ml.). The combined extracts were 
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washed with water (2x 100 nil.)> dried over 
sodium sulphate, filtered and evaporated to a 
clear oil, which was distilled to give (:rh) 2 - 
(2 - chloro - a - hydroxybeii2yl)furan (71 g.)) 
5 b.p. US^C/OA mm.Hg, as a viscous yellow 
oil. 

By proceeding in a similar fashion but 
replacing 2 - (2 - chloroben2oyl)furan by 2 - 
(2 - bromoben2oyl)furan (prepared as here- 
10 inbefore described), there was prepared: — 
(d=) 2 - (2 - bromo - o- - hydroxybenzyl)- 

furan, b.p. 13 0-^140° C./0.05 mm.Hg. 
(k) (=b) 2 - (2 - Chloro - « - methoxy- 
ben2yl)furan was prepared as follows: — 
15 A solution of 0±:) 2 - (2 - chloro - « - 
hydroxyben2yl)furan [pT'^epared_ as described 
in (j) above] (31.3'g.) in dimethyiformamide 
(100 ml.) was treated with sodium hydride 
(4.1 g.) with ice cooling. Methyl iodide (28.4 
20 g.) was added to the stirred solution over 
15 minutes at 15 — 30**C. with ice cooling and 
the mixture was allowed to stand at ambient 
temperature for 1 hour. The mixture was 
then diluted with diethyl ether (300 ml.) 
25 and filtered. The filtrate was washed with 
water (3 x 500 ml.), dried over soditom sul- 
phate and evaporated to give a light red oil, 
which was distilled to give (±:) 2 - (2 - 
chloro - €K - methoxybenzyl)furan (30 g.), 
30 b.p. 115^C./0.1 mm.Hg. 

By proceeding in a similar fashioii but re- 
placing the (rb) 2 - (2 - chloro - a - hydroxy- 
benzyl )furan by the appropriate (cb) 2 - (lQ:- 
hydroxyben2yl)furans indicated below, and 
35 prepared as described in (i) and (j) above, 
there were prepared: — 
(idr) 2 - (« - methoxybenzyl)furan, b.p. 
76^C./0.05 mm.Hg, from (zfc) 2 - (<»: - 
hydroxyben2yl ) f uran, 
40 (.±:) 2 - (2 - bromo - « - methoxybenzyl)- 
furan, b.p. 90^100''C./0.05 mm.Hg, from 
(dr 2 - (2 - bromo - a - hydroxybenzyl) - 
furan, 

(dz) 2 - (2 - methyl - « - methoxybenzyl)- 
45 furan, b.p. 100°C./0.1 mm.Hg, from (dz) 
2 - (« - hydroxy - 2 - methylbenzyl) furan, 
and 

(=h) 2 - (2 - ethyl - a - methoxybenzyl)- 
furan, b.p. 97— 98^C./035 mm.Hg, from 
50 (zb) 2 - (2 - ethyl - « - hydroxybenzyl)- 
furan. 

By proceeding in a similar fashion but 
replacing the (±) 2 - (2 - chloro - a - hy- 
droxybenzyl) furan by (d=) 2 - (« - hydroxy- 
55 benzyl) furan and the methyl iodide by ethyl 
iodide, there was obtained (it:) 2 - (« - 
ethoxybenzyl) furan, b.p. 89— 92°C./0.15 
mm.Hg. 

(1) 0=b) 2 - [1 - (2 - Methoxyphenyl)- 
60 ethyl] furan was prepared as follows: — 

Sodium metal (44.1 g.) was added at 
reflux over 45 minutes to a solution of (±) 
1 - (2 - furyl) - 1 - (2 - methoxyphenyl)- 
ethanol (43.6 g.) in ethanol (560 ml.). The 



mixture was heated at reflux for 45 minutes, 65 
when more sodium (2L8 g.) was added in 
portions. Headng was continued tmtil the 
sodium had dissolved and the excess of ethanol 
was removed by evaporation. 

Ice water (600 ml.) was added to the 70 
residue and the mixture was steam distilled. 
The distillate was extracted with diethyl ether 
(3 x 400 ml.). The combined extracts were 
dried over sodium sulphate and evaporated to 
give a yellow oil. Distillation of this oil gave 75 
(±)2-[l-(2 - methoxyphenyl) ethyl] - 
furan (22.5 g.), b.p. 133— 138° C./20 mm.Hg, 
in the form of a colourless oil. 

By proceeding in a similar fashion but 
replacing (zb) 1 - (2 - methoxyphenyl) - 80 

1 - (2 - furyl)ethanol by (zb) 2 - (a - 
hydroxy - 2 - isopropylbenzyi) furan, there was 
obtained 2 - (2 - isopropylbenzyi) furan, b.p. 
136— 138°C./15 mm.Hg. 

(;zb) 1 - (2 - Furyl) - 1 - (2 - methoxy- 85 
phenyl)ethanol (b.p. 115 — 118^C./0.15 
mm.Hg; m.p. 6A — 66°C.) was prepared by 
the procedure hereinbefore described in (i) 
for the preparation of (zb) 2 - « - hydroxy- 
benzylfuran but replacing the furfuraldehyde 90 
by 2 - actylfuran [described by Levine et al, 
J.A.C.S. 71, 1208, (1949)] and the bromo-- 
benzene by 2-methoxybromobenzene. 

(,zb) 2 - (« - Hydroxy - 2 - isopropyl- 
benzyl)furan (b.p. 110°C./0.15 mm.Hg) was 95 
prepared by the procedure hereinbefore des- 
cribed in (i) for the preparation of (zb) 2 - 
<r - hydroxybenzylfuran but replacing the 
bromobenzene by 2-isopropylbromobenzene 
(described by Crawford and Stuart, J.C.S., 100 
1952, 4445). 

(m) (dz) 2 - [1 - (2 - Ediylphenyl)ethyl]- 
furan was prepared as follows: — 

A solution of 1 - (2 - ethylphenyl) - 1 - 
(2 - furyl) - ethylene (27 g.) in ethanol 105 
(150 ml.) in the presence of 10% palladium 
on charcoal (0.5 g.) was treated with hydro- 
gen at room temperature for 3 hours. The 
mixture was filtered and evaporated to give 
a clear oil which was distilled to give (.zb) 110 

2 - [1 - (2 - ethylphenyl) ethyl] furan (23.9 
g.), b.p. ' 130— 150°C./20 mm.Hg, in the 
form of a yellow oil. 

By proceeding in a similar fashion but re- 
placing 1 - (2 - ethylphenyl) - 1 - (2 - 115 
furyl) ethylene by 1 - (4 - chloro - 2 - 
methylphenyl) - 1 - (2 - furyl) ethylene and 
1 - (2 - methylphenyl) - 1 - (2 - furyl) - 
prop - 1 - ene, respectively, there were ob- 
tained: — ^ ^ 
(zb) 2 - [1 - (4 - chloro - 2 - methylphenyl )- 

ethyl] furan, b.p. 144— 162°C./10 mm.Hg, 

(dz) 2 - [1 - (2 - methylphenyl) propyl ]- 
furan, b.p. 125— 130^C./2O mm.Hg. 125 

1 - (2 - Ethylphenyl) - 1 - (2 - furyl)- 
ethylene was prepared as follows: — 

2 - (2 - Ethylbenzoyl) furan [prepared as 
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described in (i) above] (48 g.) in diethyl 
ether (150 ml) was added to a stirred solu- 
tion of methyl magnesium iodide [prepared 
from methyl iodide (34.1 g.) and magnesium 
5 (5.8 g.)] in diethyl ether (50 ml) ar 0— 
WC, The mixture was stirred for 1 hour 
without cooling. 

Saturated aqueous ammonium chloride solu- 
tion (125 ml.) was added over 20 minutes 

10 at O^C. and the mixture was stirred for 10 
minutes and filtered. The ethereal layer was 
washed with water (2 x 100 ml.), dried over 
sodium sulphate, filtered and evaporated to 
giye a viscous red oil, which was distilled. 

15 As a result of dehydration during the distilla- 
tion, 1 - (2 - ethylphenyl) - 1 . (2 - furyl)- 
ethylene (29.3 g.), b.p. llO^C./O.l mm.Hg, 
was obtained in the form of a yellow oil. 
By proceeding in a similar fashion but 

20 replacing 2 - (2 - ethylben2:oyl)furan by 2 - 
(4 - chloro - 2 - methylben2;oyl)furan [pre- 
pared as described in (i) above], there was 
obtained: — 

1 - (4 - chloro - 2 - methylphenyl) - 1 - 
25 (2 - furyl)ethylene, b.p. 116— 130''C./0.5 

mm.Hg. 

By proceeding in a similar fashion but 
replacing methyl iodide by ethyl iodide and 

2 - (2 - ethylbenzoyl)furan by 2 - (2 - 
30 methylben2oyl)furan [jn-epared as described 

in (i) above], there was obtained: — 

1 - (2 - methylphenyl) - 1 - (2 - furyl) - 

prop - 1 - ene, b.p. 120— 125*'C./0,1 

mm.Hg. 

35 Example 4. 

(rt) 3 - (2 - Chloro - a - hydroxy) - 
benzylpyridazine (prepared as described in 
Example 3) (4.7 g.) was suspended with 
magnetic stirring in an aqueous buffer solu- 

40 tion prepared by dissolving sodium dihydrogen 
phosphate (1.6 g.) in a saturated aqueous 
solution of^ magnesium sulphate (50 nai.). 
The suspension was heated to 50° C. and 
potassium permanganate (3 g.) was added 

45 in portions over 2 hours at 45 — 50'*C. The 
suspension was filtered and tihe filtrate and 
filter pad were extracted with chloroform 
(5 X 100 ml.). The combined extracts were 
washed with water (2 x 100 ml.), dried over 

50 sodium sulphate and evaporated to give a 
white soUd, which was crystallised from cyclo- 
hexane (300 ml.) to give 3 - (2 - chloro- 
benzoyl)pyrida2ine (2.6 g.), m.p. 105 — 
107*^0, in the form of colourless needles. 

55 By proceeding in a similar fashion but 
replacing the (±:) 3 - (2 - chloro - « - 
hydroxyben2yl)pyridazine by the appropriate 
(dz) 3 - (a " hydroxyben2yl)pyrida2ine by 
the appropriate (zb) 3 - (a - hydroxybenzyl)- 

60 pyridazines indicated below and prepared as 
described in Example 3, there were pre- 
pared: — 



3 - (2 - methylbenzoynpyridazine, m.p. 73 — 
74^C., from 

(zh) 3 - (a - hydroxy - 2 - methylbenzyl)- 65 
pyridazine, 

3 - (2 - ethylbenzoyl) pyridazine, m.p. 53.5 — 

55^C., from 
(±) 3 - (2 - ethyl - a - hydroxybenzyi)- 

pyridazine, jq 
3 - (2 - bromobenzoyl) pyridazine, m.p. 88 — 

90^C., from 
('±:) 3 - (2 - bromo - a ~ hydroxybenzyl)- 

pyridazine, 

3 - (2^3 - dichlorobenzoyi) pyridazine, m.p. 75 

92— 93''C., from 
(±:) 3 - (2,3 - dichloro - « - hydroxybenzyl)- 

pyridazine, 

3 - (2,5 - dichlorobenzoyi) pyridazine, m.p. 

69— 7rC., from go 
(dz) 3 - (2,5 - dichloro - o: - hydroxybenzyl)- 

pyridazine, and 
3 - benzoylpyridazine, m.p. 70 — 71°C. (after 

recrystallisation from toluene/n-hexane) 

from (dr) 3 - or - hydroxybenzylpyridazine. 85 

Example 5. 
A solution of 3-benzoylpyridazine (prepared 
as described in Example 4) (3.7 g.) in ethanol 
(20 ml.) was mixed with a solution of 
hydroxylamine hydrochloride (3.5 g.) and 90 
sodium acetate (6 g.) in water (12 ml.) and 
heated for 1 hour on a steam bath. On coolings 
white crystals were deposited, which were 
filtered off and recrystallised from ethyl ace- 
tate (200 mi. to give 3 - benzyl - « - hydroxy- 95 
iminopyndazine (Form A) (1,5 g.), m.p. 
200 — 202^C., having the structural configura- 
tion: — 



(A) 



in the form of fine white crystals. iqq 

Dilution of the mother liquors with n-hex- 
ane (200 ml.) gave 3 - benzyl - « - hydroxy- 
iminopyridazine (Form B) (1.0 g.), m.p. 
163 — 165'*C., having the structural configura- 
tion:— 105 



(B) 



in the form of fine pink needles. 

By proceeding in a similar fashion but 
Tcplacing the S-benzoylpyridazinc by 3 - (2 - 
methylbenzoyl) - pyridazine (prepared as no 
described in Example 4), 3 - (2 - methyl - 
a - hydroxyiminobenzyl) pyridazine, m.p. 
184— 186°C., was obtained as a single isomer 
having the structural configuration: — 
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(B) 



Example 6. 
A solution of sodium methoxide was pre- 
pared by the addition of sodium hydride 

5 (0.72 g.) to methanol (25 ml), (rb) 3 - 
<x - Chlorobenzylp5T:ida2ine (prepared as des- 
cribed in Example 2) (4.1 g.) was heated 
at reflux in this solution for 2 hours and 
the mixture was evaporated to dryness.^ The 

10 residue was dissolved in a mixture of diethyl 
ether and water and the ethereal layer was 
separated, dried over sodium sulphate and 
evaporated to give a brown oil. Distillation 
of this oil gave (=b) 3 - « - methoxybenzyl- 

15 pyridazme (1.8 g.), b.p. 140— 180**C./0.2— 
0.4 mm.Hg. 

Example 7. 
By proceeding in a manner similar to that 
described in Example 3 but replacing the 
20 2 - (2 - methylben2yl)furan by (cfc) 2 - 
(^^2 - dimethoxybenzyl)furan, there was ob- 
tained (±:) 3 - (jxyl - dimethoxybenzyl)- 
pyridazine, m.p. IIO— lll^C. 

(rb) 2 - («>2 - Dimethoxyben2yl)furan 
25 (b.p. 112— 115°C./0.1 mm.Hg) was prepared 
in a manner similar to that described in Ex- - 
ample 3(k) for the preparation of (i:!:) 2 - 
(2 - chloro - « - methoxyben2!yl)furan but 
replacing the (=h) 2 - (2 - chloro - of - hy- 
30 droxyben!syl)furan by (!=b) 2 - (a - hydroxy - 
2 - methoxybenzyl)furan. 

(d=) 2 - (« - Hydroxy - 2 - niethoxy- 
benzyl)furan was prepared as described in 
Example 3(i). 

35 Example JT. 

By proceeding in a manner similar to that 
described in Example 3 but replacing the 
2 - (2 - methylbenzyl)furan by (rfc) 2 - 
[1 - (2,3 - dichlorophenyl) ethyl ]furan, there 

40 was obtained (d=) 3 - [1 - (2,3 - dichloro- 
phenyl)ethyl] - pyridazine, m.p. 96 — 98^C. 

(,Hr) 2 - [1 - (2,3 - Dichlorophenyl)ethyl]- 
furan (b.p. 108— 112^C./03 mm.Hg) was 
prepared in a manner similar to that described 

45 in Example 3(m) for the preparation of 
(±:) 2 - [1 - (2 - ethylphenyl) ethyl] furan 
but replacing the 1 - (2 - ethylphenyl) - 1 - 
(2 - furyl) ethylene by 1 - (2,3 - dichloro- 
phenyl) - 1 - (2 - fu^l) ethylene. 

50 1 - (2,3 - Dichlorophenyl) - 1 - (2 - 
furyl)ethylene was prepared as follows: — 

(,zfc) 1 - (2,3 - Dichlorophenyl) - 1 - (2 - 
furyl)ethanol (92 g.) was heated on a steam 
bath in pyridine (250 ml.) containing p- 

55 toluenesulphonyl chloride (69 g.) for 1 hour. 
The solution was poured into ice water (1 



litre) and extracted with diethyl ether (5 x 
500 ml.). The combined ethereal extracts 
were washed with water (2x 500 ml.), dried 
over sodium sulphate, filtered and evaporated 60 
to give a dark oil, which was distilled to 
give 1 - (2,3 - dichlorophenyl) - 1 - (2 - 
furyl)ethylene as a pale yellow liquid (46 g.), 
b.p. 140— 180°C./20 mm.Hg. 

The undistUled (dz) 1 - (2,3 - dichloro- 65 
phenyl) - 1 - (2 - furyi)ethanol employed 
above was obtained as described in Example 
3(i) for the preparation of i;±:) 2 - a: - 
hydroxybenzylfuran but by replacing the fur- 
furaldehyde by acetylfuran and the bromo- 70 
benzene by 2,3 - dichlorobromobenzene. 

Example 9, 
By proceeding in a manner similar to that 
described in Example 4 for the preparation 
of 3 - (2 - chlorobenzoyl)pyrida2ine but re- 75 
placing the (=h) 3 - (2 - chloro - «a - hy-^^ 
droxy)benzylpyridajjine by the appropriate 
quantity of (zt) 3 - (^t: - hydroxy - 2 
methoxyben2yl)pyrida2ine (prepared as des- 
cribed in Sample 3), there was obtained 80 
3 - (2 - metihoxybenzoyl)pyridazine, m.p. 
125^ — 126'*C. (after crystallisation from 
aqueous ethanol). 

Example 10. 
(:C±:) 1 - (2 - Furyl) - 1 - phenylethanol 85 
(43 g.) was dissolved in a solution of hydra- 
zine hydrate (25 ml.) in ethanol (100 ml.). 
Formic acid (23 ml.) was added to the solu- 
tion cautiously in portions and the hetero- 
geneous mixture was heated at reflux on a 90 
steam bath for 4 hours. After 1 hour the ^ 
mixture became homogeneous. The solution 
was evaporated to low volume and the residue 
was digested with a mixture of diethyl ether 
(100 ml.) and water (200 ml.). Dilute sodium 95 
hydroxide solution was added to adjust the 
pH to 9 and the ether layer was separated. 
The aqueous layer was extracted with diethyl 
ether (2 x 150 ml.) and the combined ethereal 
extracts were washed with water (3x150 100 
ml.) and filtered. The filtrate was extracted 
with 2N hydrochloric acid (5 x 100 ml,). The 
combined acidic extracts were washed with 
diethyl ether (2 x 200 ml.) and basified by 
the addition of 50% aqueous sodium hydrox- 105 
ide solution. The oil which was deposited was 
extracted with diethyl ether (2x200 ml.) 
and the combined extracts were washed with 
water (2 x 200 ml.), dried over sodium sul- 
phate, filtered and evaporated to give a brown 110 
oil, which was distilled to give 3 - (1 - 
phenylethyl)pyridazine (5.4 g.), m.p. 43 — 
48^C, (b.p, 120°C./0.05 mm.Hg), as an ofF- 
white solid. 

By proceeding in a similar manner but 115 
by replacing the (rh) 1 - (2 - furyl) - 1 - 
phenylethanol by the appropriate quantity of 
2 - « - hydroxybenzylfuran [prepared as des- 
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cribed in" Example 3(i)] or 2 - (« - 

hydroxy - 2 - methylben2yl)furan [prepared 
as described in Example 3(i)], there were 
obtained 3-ben2:ylpyridazine, m.p. 60 — 62 °C., 
5 and 3 - (2 - methylben2yl)pyridazine, m.p. 
83 — S5°C.y respectively. 

The undistiUed 1 - (2 - furyl) - 1 - 
phenylethanol employed above was obtained 
in a manner similar to that described for 
10 the preparation of (±:) 2 - (« - hydroxy- 
ben2yl)furan in Example 3(i) but replacing 
the fuifuraldehyde by the appropriate quantity 
of acetyl furan. 

Example 11. 

^5 A solution of 3 - (1 - cyano - 1 - phenyl- 
ethyl) - pyridazine (1 g.) in ethylene glycol 
(10 ml.) and water (1 ml.) containing potas- 
sium hydroxide ((0.3 g.) was heated at reflux 
for 6 hours. The yellow solution was diluted 

20 with water (40 ml.) and extracted with 
chloroform (3x25 mL). The combined ex- 
tracts were washed with water (2 x 30 ml.), 
dried over magnesium sulphate, filtered and 
evaporated to give a cream-coloured solid 

25 (0.8 g.). 3 - (1 - Phenylethyl)pyridazine 
(0.5 g.), m.p. 44 — 45'*C.5 was obtained from 
ihc cream-coloured solid in the form of colour- 
less crystals by recrystallisation from cyclo- 
hexane. 

30 The 3 - (1 - cyano - 1 - phenylethyl)- 
pyridazine employed above was prepared in 
the following manner: — 

A solution of 3 - chloro - 6 - (1 - cyano - 
^ 1 - phenyl) - ethylpyridazine (15.3 g.) in 
35 ethanol (155 mi.) containing aqueous ammon- 
ium hydroxide solution (s.g. 0.880; 17 ml.) 
was treated with hydrogen in the presence 
of palladium on charcoal (5% Pd) at ambient 
temperature and normal atmospheric pressure 
40 for 5 hours. 

After filtration, the filtrate was evaporated 
to dryness and the residue extracted with 
chloroform (3x70 ml.). The combined ex- 
tracts were washed with water (2 x 50 ml.), 
45 dried over magnesium sulphate and evaporated 
to dryness. Tlie light brown solid thus ob- 
tained was recrystallised from a mixture of 
cyclohexane (650 ml.) and ethanol (30 ml.) 
to give 3 - (1 - cyano - 1 - phenylethyl)- 
50 pyridazme (9.5 g.), m.p. 113.5— 115**C. 

The 3 - chloro - 6 - (1 - cyano - 1 - 
phenylethyl) - pyridazine employed above was 
prepared in' the following manner: — 

Triethyl benzyl ammonium chloride (0.25' 
55 g.) was added to a well stirred mixture of 
2-phenyl propionitrile (7.2 g.) [prepared as 
described by Hauser & Brasen, J.A.C.S. 78, 
494 (1956)], 3,6-dichloropyrida2ine (7.45 g.) 
[prepared as described by Jackiewiez et al, 
60 Acta. Polon. Pharm. 17, 355 (I960)] and 
50% aqueous sodium hydroxide solution (7.5 
ml.)* After stirring for 30 minutes, a further 
quantity of triethyl benzyl ammonium chlor- _ 



ide (0.2 g.) was added and the temperature 
of the mixture rose to 77''C. The viscous 65 
mixture was stirred for 4 hours until ambient 
temperature had been regained, when it was 
diluted with chloroform (150 ml.). The solu- 
tion thus obtained was washed with water 
(4x 50 ml,), dried over magnesium sulphate, 70 
filtered and evaporated to give a brown gum. 
Repeated crystallisation of the gimi from 
cyclohexane gave 3 - chloro - 6 - (1 - 
cyano - 1 - phenylethyl) pyridazine (5.2 g.), 
m.p. 116.5— 117.5 ^C, as a light brown solid. 75 

According to a further feature of the 
present invention, there are provided composi- 
tions suitable for herbicidal use comprising 
one or more of the pyridazine derivatives 
of general formula I in association with, and go 
preferably homogeneously dispersed in, one 
or more compatible herbicidaOy-acceptable 
diluents or carriers (i.e. diluents or carriers 
of the type generally accepted in the art 
as being suitable for use in herbicidal com- 85 
positions and which are compatible with 
compounds of general formula I). The term 
"homogeneously dispersed" is used to include 
compositions in which the compounds of gen- 
eral formula I are dissolved in the other 90 
components. The term "herbicidal composi- 
tions" is used in a broad sense to include 
not only compositions which are ready for 
use as herbicides but also concentrates which 
must be diluted before use. Preferably, the 95 
compositions contain from 0.05 to 90% 
by weight of compoimds of general formula 

The herbicidal compositions may contain 
both a diluent or carrier and a surface-active 100 
(e.g. wetting, dispersing, or emulsifying) 
agent. Surface-active agents which may be 
present in herbicidal compositions of the 
present invention may be of the ionic or non- 
ionic types, for example sulphoricinoleates, i05 
quaternary ammonium derivatives, products 
based on condensates of ethylene oxide with 
nonyl- or octyl-phenols; or carboxylic acid 
esters of anhydrosorbitols which have been 
rendered soluble by etherification of the free HO 
hydroxy groups by condensation with ethylene 
oxide^ alkali and alkaline earth metal salts 
of sulphuric acid esters and sulphonic acids 
such as dinonyl- and dioctyl-sodium sulphono- 
succinates and alkali and alkaline earth metal 115 
salts of high molecular weight sulphonic acid 
derivatives such as sodium and calcium ligno- 
sulphonates. Examples of suitable solid diluents 
or carriers are aluminium silicate, talc, cal- 
cined magnesia, kieselguhr, tri calcium phos- 120 
phate, powdered cork, adsorbent carbon black 
and clays such as kaolin and bentonite. The 
solid compositions (which may take the form 
of dusts, granules or wettable powders) are 
preferably prepared by grinding the com- 125 
pounds of general formula I with solid diluents 
or by impregnating the solid diluents or 
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carriers with solutions of the compounds of 
general formvaa I in volatile solvents, evap- 
orating the solvents and, if necessary, grinding 
the products so as to obtain powders, Gran- 
5 ular formulations may be prepared by absorb- 
ing the compounds of general formula I 
(dissolved in volatile solvents) onto the solid 
diluents or carriers in granular form and 
evaporating the solvents, or by granulating 
10 compositions in powder form obtained as des- 
cribed above. Solid herbicidal compositions, 
particularly wettable powders, may contain 
wetting or dispersing agents (ioT example of 
the types described above), which may also, 
15 when solid, serve as diluents or carriers. 

Liquid compositions according to the in- 
vention may take the form of aqueous, or- 
ganic or aqueous-organic solutions, suspen- 
sions, and emulsions which may incorporate 
20 a surface-active agent. Suitable liquid diluents 
for incorporation in the liquid compositions 
include water, acetophenone, cyclohexanone, 
isophorone, toluene, xylene md mineral 
animal and vegetable oils (and mixtures of 
25 these diluents). Surface-active agents, which 
may be present in the liquid compositions, 
may be ionic or non-ionic (for example of 
the types described above) and may, when 
liquid, also serve as diluents or carriers. 
30 Wettable powders and liquid compositions 
in the form of concentrates may be diluted 
with water or other suitable diluents, for 
example mineral or vegetable oils, particularly ' 
in the case of liquid concentrates in which 
35 the diluent or carrier is an oil, to give com- 
positions ready for use. When desired, liquid 
compositions of the compoimds of general 
formula I may be used in the form of self- 
emulsifying concentrates containing the active 
40 substances dissolved in the emulsifying agents 
or in solvents containing emulsifying agents 
compatible with the active substances, the 
simple addition of water to such concentrates 
producing compositions ready for use. 
45 Herbicidal compositions according to the 
present invention may also contain, if desired, 
conventional adjuvants such as' adhesives, 
colouring agents and corrosion inhibitors. 
These adjuvants may also serve as carriers 
50 or diluents. 

Herbicidal compositions according to the 
present invention may also comprise the com- 
pounds of general formula I in association 
with, and preferably homogeneously dispersed 
55 in, one or more other pesticidally active com- 
pounds and, if desired, one or more com- 
patible pesticidally acceptable diluents or 
carriers, surface-active agents and conven- 
tional adjuvants as hereinbefore described. 
60 Examples of other pesticidally active com- 
pounds which may be included in, or used 
in conjunction with, the herbicidal composi- 
tions of the present invention include herbi- 
cides, for example phenoxyalkanoic acids [e.g. 



4 - (4 - chloro - 2 - methylphenoxy) - butyric 65 
acid, 4 - (2,4 - dichlorophenoxy) - butyric 
acid, 2 - (4 - chloro - 2 - methylphenoxy) - 
propionic acid, 2 - (2,4 - dichlorophenoxy) - 
propionic acid, 4 - chloro - 2 - methylphen- 
oxyacetic acid, 2,4 - dichlorophenoxyacetic 70 
acid and 2,4,5 - trichlorophenoxyacetic acid], 
benzoic acid derivatives (e.g. 2,3,6-trichloro- 
benzoic acid, 2 - methoxy - 3,6 - dichloro- 
benzoic acid and 3 - amino - 2,5 - dichloro- 
benzoic acid), halogenate daliphatic adds (e.g. 75 
trichloroacetic acid and 2,2-dichioropropionic 
add), carbamates [e.g. isopropyl N - (3 - 
chlorophenyl) - carbamate, isopropyl N - 
phenylcarbamate, and 3 - chloro - 2 - butynyl 
N - (3 - chlorophenyl) - carbamate], thio- 80 
carbamates (e.g. S — 2,3,3 - trichlorallyl N,N- 
diisopropylthiocarbamate and S -propyl N,N- 
dipropylthiocarbamate), amides [e.g. 3,4- 
dichloropropionanilide, 2 - chloro - N - iso- 
propylacetanilide and D - N - ethyl - 2 - 85 
(phenylcarbamoyloxy) - propionamide], urea 
derivatives [e.g. N' - (4 - chlorophenyl) - 
N,N - dimethylurea, N,N - dimethyl - - 
phenylurea, N' - (3,4 - dichlorophenyl) - 
N,N - dimethylurea and N' - (4 - chloro- 90 
phenyl) - N - methoxy - N - methylurea], 
diazines, (e.g. 5 - bromo - 3 - isopropyl - 
6 - methyl - uracil and 3 - cyclohexyl - 5,6 - 
trimethylene - uradi), triazines (e.g. 2 - 
chloro - 4,6 - bis - ethylamino - 1,3,5 - tri- 95 
azine, 2 - chloro - 4 - ethylamino - 6 - iso- 
propylamino - 1,3,5 - triazine and 6 - (3 - 
medioxypropylamino) - 4 - isopropylamino - 
2 - methylthio - 1,3,5 - triazine), substituted 
phenols [e.g. 2 - methyl - 4,6 - dinitrophenol, 100 

2 - (1 - methyl - propyl) - 4,6 - dinitro- 
phenol and 2,4 - dichlorophenyl 4 - nitro- 
phenyl ether], quartemary ammonium deriv- 
atives (e.g. hV - ethylene - 2,2' - bipyridyl- 
ium and 1,1' - dimethyl - 4,4' - dipyridylium 105 
salts), benzonitrile derivatives (e.g. 2,6 - di- 
chlorobenzonitrile and 3,5 - diiodo- and 3i5 - 
dibromo - 4 - hydroxybenzonitriles and their 
salts and esters e.g. their octanoates), triazole 
derivatives (e.g, 3 - amino - 1,2,4 - triazole), 110 
thiocarbonyl derivatives [e.g. di(methox5rthio- 
carbonyl)disulphide], benzenesulphonylcarba- 
mates (e.g. methyl 4 - aminobenzene - sul- 
phonylcarbamate, methyl 4 - nitrobenzene- 
sulphonyl - carbamate and methyl 4 - meth- 115 
oxycarbonylaminobenzenesulphonyl - carba- 
mate), 4 - chloro - 2 - 0x0 - benzothiazolin - 

3 - ylacetic acid, 2 - t - butyl - 4 - (2,4 - 
dichloro - 5 - isopropoxyphenyl) - 5 - 0x0 - 
1,3,4 - oxadiazole, and 2,6 - dinitro - N,N - 120 
dipropyl - 4 - trifluoromethylaniline, insecti- 
cides, e.g. naphth - 1 - yl N - methylcarba- 
mate, and fimgicides, e.g. 2,6 - dimethyl - 

4 - tridecyl - morpholine, methyl N - (1 - 
butylcarbamoylbenzimidazol - 2 - yl) - carba- 125 
mate and 1,2 - bis - (3 - methoxycarbonyl - 

2 - thioureido)ben2ene. Other biologically 
active materials which may be included in. 
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or used in conjunction with, the herbicidal cidal compositions of the present invention, 
compositions of the present invention are plant 

growth regulators, e.g. maleic hydrazide, N- Example 12. 

dimethylaminosucdnamic acid, (2-chloro- A wettable powder is formed from: — 6o 
5 ethyl)trimethylammonium chloride and 2- 3-(2-methylben2yl)pyrida2ine 

chloroethane phosphonic acid, or fertilizers, 25% w/w 

e.g. containing nitrogen, potasium and phos- Ethylan CP (an octylphenol- 

phonis and trace elements known to be essen- polyglycol ether containing 

tial to successful plant life, e.g. iron, mag- 9 glycol units; "Ethylan" 65 

10 nesium, zinc, manganese, cobalt and copper. is a registered Trade Mark) 

According to a further feature of the 2.5% w/w 

present invention there is provided an article Celite PG (synthetic mag- 

of manufacture comprising at least one of the . nesium silicate; "Celite" is 
pyridazine derivatives of general formula I a registered Trade Mark) 70 

15 or, as is preferred, a herbicidal composition 72.5% w/w 

as hereinbefore described, and preferably a 

herbicidal concentrate? which must be diluted by dissolving the Ethylan CP in the minimum 

before use, comprising at least one of the volimie of acetone and adding the solution 

pyridazine derivatives of general formula I to the Celite PF in a blender. After the 

20 within a container for the aforesaid derivative acetone has evaporated, the solid pyridazine 75 

or derivatives of general formula I, or a said derivative is added, blended in and the pro- 

herbicidal composition, and instructions duct milled. The wettable . powder thus ob- 

physically associated with the aforesaid con- tained may be suspended in water and applied 

tainer setting out the manner in which the at a rate of 1 kg. of pyridazine derivative in 

25 aforesaid derivative or derivatives of general 200 litres of spray fluid per hectare (a) to 80 

formtila I or herbicidal composition contained an emer^d crop of oil seed rape to control 

therein is to be used to control the growth the growtii of Alopecurus myosuroides, Poa 

of weeds. The containers wiU normally be „spp,, volimteer barley and Polygonum spp. 

of the types conventionally used for the stor- by post-emergence application or (b) to a 

30 age of chemical substances which are solids crop-growing area sown with oil seed rape 85 

at normal ambient temperatures and herbicidal to control die growth of Alopecurus myo- 

compositions, particularly in the form of suroides, Poa annua, Lolium peretme, Apera 

concentrates, ^ for example cans and drums spica-venti, SteUaria media, Papamer rhoeas 

of metal, which may be internally-lacquered, and Veronica perstca by pre-emergence appli- 

35 and plastics materials, bottles of glass and cation to the soil surface before weed and 90 

plastics materials and, when the contents of crop emergence. 

the container is a solid, for example granular Similar wettable powders may be obtained 

herbicidal compositions, boxes, for example of by replacing the 3 - (2 - methylbenzyl)- 

cardboard, plastics materials and metal, or pyridazine by any other solid pyridazine deriv- 

40 sacks. The containers will normally be of ative of general formula I, in particular a 95 

sufficient capacity to contain amounts of the compound of general formula I wherein 

pyridazine derivatives or herbicidal composi- represents a fluorine, chlorine, bromine or 

tions sufficient to treat at least one acre of iodine atom or a methyl, ethyl, methoxy or 

ground to control the growth of weeds therein ethoxy group, R% and R* each represent 

45 but wiU not exceed a size which is convenient a hydrogen atom, and n represents zero or iqo 

for conventional methods of handling. The an integer from 1 to 5 inclusive, 
instructions will be physically associated with The wettable powder may be placed in a 

the container, for example by being printed suitable container, e.g. a cardboard box, in 

directiy thereon or on a label or tag affixed an amount sufficient for the treatment of 1 

50 thereto. The directions will normally indicate hectare of the rape -growing area, i.e. 4 kg, 105 

that the contents of the container, after dilu- of wettable powder containing 1 kg. of 3 - 

tion if necessary, are to be applied to control (2 - methylbenzyl)pyridazine, with associated 

the growth of weeds at rates of application instructions for use corresponding to the indi- 

between 1/4 kg. and 8 kg. of active material cations set out immediately above, the in- 

55 per hectare in the manner and for the pur- structions being preferably printed on the no 

poses hereinbefore described. container or on a label or tag affia:ed to the 

The following Examples illustrate the herbi- container. 
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Example 13. 
A self-emulsifying concenttate is formed 
from; — 

3-( 2-bromoben2yl)pyridazine 
5 15%w/v 
Duoterics MB1/MB2 (an anionic/ 
nonionic surface-active blend 
containing calcium aikyl aryl 
sulphonates; *'Duoteric" is a 
10 reeristered Trade Mark) 

10% w/v 
a mixture of cyclohexanone and 
Aromasol 'H' (an aromatic solvent 
consisting predominantly of 
15 isomeric trimethylbenzenes; 

"Aromasol" is a registered Trade 
Mark) (3:1) 

to 100% by volume 
by dissolving the pyridazine derivative in a 

20 portion of tSe mixture of cyclohexanone and 
Aromasol *H', then adding, with stirring, the 
Duoterics MB1/MB2 and then adding, with 
stirring, the remainder of the mixture of 
cyclohexanone and Aromasol 'K\ The self- 

25 "emulsifying liquid thus obtained jnay be 
diluted with water and supplied at a rate of 

1 kg. of pyridazine derivative in 200 litres 
of spray fluid per hectare to a crop-growing 
area planted with soya bean to control the 

30 germination and growth of pigweeds, fathen, 
Eleusine spp., crabgrass and barnyard grass 
by application to the soil before emergence 
of both crop and weeds. 

Bxampre 14. 
3 5 3 - ( 2-chlorobenzyl) pyridazine ' 

10%w/w 

Waxolme Red OS {A-ortho- 
tolyazo-or^Aotoluidine-2- 
naphthol dye; "Waxoline" is a 
40 registered Trade Mark) 

0.2% w/w 
Attapxilgite granules [sorptive silica 
clay, AA grade or hardness; 
RVM/regSar volatile matter 
45 grade] 

to 100% by weight 
by dissolving the pyridazine derivatives and 
the Waxoline Red OS in the minimum quan- 
tity of acetone, then spraying or dripping the 
50 acetone solution onto the granules and allow- 
ing the acetone to evaporate with constant 
stirring. The granules thus obtained may be 
applied to the soil at a rate of 20 kg., i.e. 

2 kg. of pyridazine derivative, per hectare, 
55 with shallow incorporation, to a crop-growing 

area to be used for growing a crop of dwarf 
beans before the beans are sown, to control 
the germination and growth of fathen, pig- 
weeds. Polygonum spp., foxtails and crab- 

60 grass. i i< 

Example 15. 
A self-emulsifying concentrate is formed 
by the procedure described in Example 13 



but replacing the 3 - (2 - bromobenzyl)- 
pyridazine by 3 - (2 - ethylbenzyl) pyridazine 65 
(20% w/v). The self -emulsifying liquid thus 
obtained may be diluted with water and 
applied at a rate of 1 kg. of pyridazine deriv- 
ative in 300 litres of spray fluid per hectare 
to a crop-growing area to be planted with 70 
sugar beet and incorporated into the soil 
before the crop is sown to control the ger- 
mination and growth of Avena fatua, Alope- 
curus myosteroides, Digitaria sanquinalisy 
EchinocUoa crus-galli, Setaria viridis, Eleu- 75 
sine indica and Amaranthus retroflexus. 

Siniilar self-emulsifying concentrates may 
be obtained by replacing the 3 - (2 - ethyl- 
benzyl) pyridazine by a compound of general 
formula I wherein represents a fluorine, 80 
chlorine, bromine or iodine atom or methyl, 
ethyl, methoxy or ethoxy group, R^, R^ and 
R^ each represent a hydrogen atom, and n 
represents zero or an integer from 1 to 5 
inclusive. 85 

Example 16. 
A water-soluble concentrate is formed 
from: — 

3 - C 2-me thoxybenzyl ) pyridazine 

20% w/v 90 

Ethylan KEO (a nonylphenyl 
ethylene oxide condensate con- 
taining 9.5 moles of ethylene 
oxide) 

10% w/v 95 

dimethylformamide 

to 100% J>y volunie 
by dissolving the pyridazine derivative in a 
portion of the dimethylformamide, stirring in 
the Ethylan KEO and then adding the re- loO 
mainder of the dimethylformamide. The water 
soluble concentrate thus obtained may be 
dissolved in water and applied at a rate of 
1 kg. of pyridazine derivative in 400 litres 
of spray fluid per hectare to a crop-growing 105 
area planted . with wheat to control Avena 
fatua, Alopecurus myo^sttroides, LoHum 
perenne, Apera spica-vqnti, Poa armua^ Stel- 
laria media, Galium aparine, Matricaria ino- 
dora, Papaver rhoeas and Veronica persica 110 
by application to the soil after sowing of 
the crop and before the emergence of the 
weeds and crop. 

Similar water-soluble concentrates may be 
obtained by replacing the 3 - (2 - methoxy- 115 
benzyl) pyridazine by a compound of general 
formula I wherein R^ represents a fluorine, 
chlorine, bromine or iodine atom or a methyl, 
ethyl, methoxy or ethoxy group, R^, R^ and 
R* each represent a hydrogen atom, and n 120 
represents zero or an integer from 1 to 5 
inclusive. 

Example 17. 
Granules are formed by the procedure des- 
cribed in Example 14 but replacing the 3 - . 125 
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(2 - chlorobenzyl) - pyridazine by 3 - (2,4 - 
diinethylbenzyl)pyridazine. The granules thus 
obtained may be applied to the soil of a 
crop-growing area to be sown with maize at 
5 a rate of 20 kg., i.e. 2 kg. of pyridazine 
derivative, per hectare, with shallow incorpora- 
tion into the soil, to control the germination 
and growth of Digitaria sanqtdncdis, Echino- 
cMoa crtis-gcdli, Elemine indica, Paspcdum 
10 dilatatum, Setmia spp. and Amaranthus retro- 
ffexus. 

Similar granules may be obtained by re- 
. placing the 3 - (2,4 - dimethylbenzyl) pyrid- 
azine by a compound of general formiila I 
15 wherein represents a fluorine, chlorine, 
bromine or iodine atom or a methyl, ethyl, 
medioxy or ethoxy group, R'*, R^ and R^ 
each represent a hydrogen atom, and n rep- 
resents zero or an integer from 1 to 5 in- 
20 elusive. 

Example 18, 
A self-emulsifjdng concentrate is formed 
from:— 

3-(l-phenylethyl)pyridazine 
25 20% w/v 

Duoterics MB1/MB2 

10% w/v 

Aromasol *H' 

to 100% by volume 

30 by dissolving the pyridazine derivative in a 
portion of the Aromasol *H', then adding, with 
stirring, the Duoterics MB1/MB2 and 
then adding, with stirring, the remainder 
of the Aromasol The self-emulsi- 

35 f5fing liquid thus obtained may be 
diluted with water and applied at a rate 
of 1.5 kg, of pyridazine derivative in 300 
litres of spray fluid per hectare to a crop- 
growing area containing an emerged crop of 

40 dwarf beans to control the germination and 
growth of Avena fattia, Stellaria media^ 
Alopecurus myosuroides, Poa annua. Poly- 
gonum lapathifolium and Galium aparine by 
application to the soil before weed emergence. 

45 Similar self-emulsifying concentrates may 
be obtained by replacing the 3 - (1 - phenyl- 
ethyl)pyridazine by a compound of general 
formula I wherein R^ represents a fluorine, 
chlorine, bromine or iodine atom or a methyl, 

50 ethyl, methoxy or ethoxy group, R^ represents 
a methyl group, R^ and R* each represent 
a hydxogtn atom, and n represents zero or 
an integer from 1 to 5 inclusive. 

Example 19. 

55 A wettable powder is formed by the pro- 
cedure described in Example 12 but replacing 
the 3 - (2 - methylbenzyl) pyridazine by 3 - 
[1 - (2 - methylphenyl) - ethyl] pyridazine 
(50% w/w) and utiHzing Ethylan CP (2.5% 

60 w/w) and Celite PF (47.5% w/w). The 
wettable powder thus obtained may be sus- 
pended in water and applied (a) at a rate 
of 3 kg, of pyridazine derivative in 300 



litres of spray fluid per hectare in a crop 
of sugar cane as a directed spray, i.e. avoiding 55 
application to the sugar-cane, to control the 
growth of emerged seedling weeds and to 
prevent the germination and growth of weeds 
not yet emerged, in particular Digitaria son- 
quindis, Eleusirte indica, EcMnochloa crus- 70 
gain, Paspalum dtlatatuntj Sorghum halepense, 
Cyperus rotundus, PortuJaca oleracea and 
Amaranthus retroflexus, or (h) at a rate of 
2 kg, of pyridazine derivative in 200 litres 
of spray fluid per hectare to an area of 75 
stubble left after the harvesting of a crop 
in the autumn and thoroughly and deeply 
incorporated into the soil by rotovation to 
control the growth of couch grasses, e.g. 
Agropyron repens, Argostis gigantea, Agros- 80 
tis stolonifera and Holcus mollis. Crops of 
potatoes may then be sown in the same crop- 
growing area the following spring. 
. Similar wettable powders may be obtained 
by replacing the 3 - [1 - (2 - methylphenyl)- 35 
ethyljpyridazine by a compomd of general 
formula I wherein R^ represents a fluorine, 
chlorine, bromine or iodine atom or a methyl, 
ethyl, methoxy or ethoxy group, R^ represents 
a methyl group, R'^ and R* each represent 90 
a hydrogen atom, and n represents zero or 
an integer from 1 to 5 inclusive. 

Example 20. 

A self-emtilsifying concentrate is formed 
by the procedure described in Example 13 95 
but replacing the 3 - (2 - bromobenzyl) pyrid- 
azine by 3 - [1 - (2 - ethylphenyl) - ethyl] - 
pyridazine (30% w/v). The self-emvdsifying 
liquid thus obtained may be diluted with 
water and applied at a rate of 1 kg. of 100 
pyridazine derivative in 200 litres of spray 
fluid per hectare to a crop-giving area planted 
with soyabean to control the germination and 
growth of Digitaria sanquinalis, Echinochloa 
crus-^alli, Eletisine indica, Setatia spp. and 105 
Amaranthus spp. by application to the soil 
after sowing the crop but before crop and 
weeds emerge. 

Similar self-emulsifying concentrates may 
be obtained by replacing the 3 - [1 - (2 - 110 
ethylphenyl)ethyl] - pyridazine by a com- 
pound of general formula I wherein R^ rep- 
resents a fluorine, chlorine, bromine or iodine 
atom or a methyl, ethyl, methoxy or ethoxy 
group, R'^ represents a methyl group, R'* 115 
and R* each represent a hydrogen atom and n 
represents zero or an integer from 1 to 5 
inclusive. 

Example 21. 
A self -emulsifying concentrate is formed 120 
by the procedure described in Example 13 
but replacing the 3 - (2 - bromobenzyl)- 
pyridazine by3-[l-(2 - methoxyphenyl)- 
ethyl] pyridazine (30% w/v). The self-emul- 
sifying liquid thus obtained may be diluted 125 
with water and applied at a rate of 0.5 kg. 
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of pyridazine derivative in 200 litres of spray 
fluid per hectare to a crop-growing area sown 
with cotton to control die germination and 
growth of Digitaria sanquin^is, Echinochloa 
5 crus-galli, Eleusine indtca, Paspalum 
dilatatum, Setaria viridis and Amarantkus 
retraflexus by application to the soil followed 
by Ught, shallow incorporation into the soil, 
before crop and weeds emerge. 

10 Example 22. 

Granules are formed by the procedure des- 
cribed in Example 14 but replacing the 3 - 
(2 " chlorobenzyl) pyridazine by 3 - [1 - 
(2 - chlorophenyl)ethyl] pyridazine (5 % 

15 w/w). The granules thus obtained may be 
applied to the soil of a crop-growing area 
containing an emerged crop of sugar-beet at 
a rate of 20 kg., i.e. 1 kg. of pyridazine deriv- 
ative, per hectare, after ^singling' (thinning 

20 the crop) to control the germination and 
growth of late gerimnating Amarantkus retro- 
flexusy Chenopodium dhuniy Digitaria son- 
quinalis and Echinochloa crus-gcdli. 

Similar granules may be obtained by re- 

25 placing the 3 - [1 - (2 - chlorophenyl)e^yl]- 
pyridazine by a compound of general formula 
I wherein represents a fluorine, chlorine, 
bromine or iodine atom or a methyl, ethyl, 
methoxy or ethoxy group, represents a 

30 methyl group, R^ and R^ each represent a 
hydrogen atom, and n represents zero or an 
integer from 1 to 5 inclusive. 

Example 23. 
A self-emulsifying concentrate is formed 

35 by the procedure described in Example 13 
but replacing the 3 - (2 - bromobenzyl)pyrid- 
azine by ( zb) 3 - (2 - chloro - w - methoxy- 
benzyl) pyridazine. Tht self -emulsifying liquid 
thus obtained may be diluted with water and 

40 applied at a rate of 2 kg. of pyridazine deriv- 
ative in 200 litres of spray fluid per hectare 
to a crop-giving area planted with potatoes 
to control the germination and growth of 
Avena fatua, Alopecurus myosttroides, Digit- 

45 aria sanquinalis, Echinochloa cms-gdliy 
Setaria viridis, Eleusine indica, Chenopodium 
alburn^ Stellaria media, Polybonum spp. and 
Matricaria inodora by application to tiie soil 
after planting the crop and before crop and 

50 weed emergence. 

Similar self-emulsifying concentrates may 
be obtained by replacing the (dtz) 3 - (2 - 
chloro - « - paethoxybenzyl) pyridazine by a 
compound of general formiJa I wherein R^ 

55 represents a fluorine, chlorine, bromine or 
iodine atom or a methyl, ethyl, methoxy or 
ethoxy group, R^ and R* each represent a 
hydrogen atom, R^ represents a methoxy 
group, and n represents zero or an integer 

60 from 1 to 5 inclusive. 



Example 24. 

Granules are formed by the procedure des- 
cribed in Example 14 but replacing the 3 - 
(2 - chlorobenzyl) pyridazine by (=b) 3 - 
(2 - chloro - « - hydroxybenzyl) pyridazine. 65 
The granules thus obtained may be applied 
at a rate of 10 kg., i.e. 1 kg. of pyridazine 
derivative, per hectare to control the ger- 
mination and growth of Echinochloa crus- 
gain, sedges^ (e.g. Eliocharis spp. and Fim- 70 
bristylis spp.) and broad leafed weeds, e.g. 
Monochoria vaginalis and Rotdla indica, in 
a crop of transplanted rice by application 
before weed emergence or at early weed emer- 
gence after transplanting the crop. 75 

Similar granules may be obtained by re- 
placing the ( zt ) 3 - ( 2 - chloro - <x - hydroxy- 
benzyl)pyridazine by a compound of general 
formula I wherein R^ represents a fluorine, 
chlorine, bromine or iodine atom or a methyl, 80 
ethyl, methoxy or ethoxy group, R* and R* 
each represent a hydrogen atom, R^ rep- 
resents a hydroxy group, and n represents 
zero or an integer from 1 to 5 inclusive. 

Example 25. 35 
A wettabl^ powder is formed by the pro- 
cedure described in Example 12 but replacing 
the 3 - (2 - methylbenzyl) pyridazine by 3 - 
(2 - chIorobenzoyl)pyridazine (50% w/w) 
and utilizing Ethylan CP (2.5% w/w) and 90 
Celite PF (47.5% w/w). The wettabie pow- 
der thus obtained may be suspended in 
water and applied at a rate of 2 kg. of 
pyridazine derivative in 200 litres of spray 
fluid per hectare in a crop of cotton soon 95 
after sowing the crop to control the germina- 
tion arid growth of Echinochloa crus-galliy 
Digitaria sanqtdnalis, Paspalum dilatatum, 
Eleusine itrdica, Chenopodium album. Poly- 
gonum spp. and Amaranthus retroflexus, 1 00 
application being made to the soil before 
emergence of crop and weeds and the formu- 
lation being incorporation into the soil by 
overhead irrigation. 

Similar wettabie powders may be obtained 1Q5 
by replacing the 3 - (2 - chlorobenzoyl)- 
pyridazine by a compound of general formula 
I wherein R^ represents a fluorine, chlorine, 
bromine or iodine atom or a methyl, ethyl, 
methoxy or ethoxy group, R^ and R^ together no 
represent an oxygen atom, R* represents a 
hydrogen atom, and n represents zero or an 
integer from 1 to 5 inclusive. 

Example 26. 

A water-soluble concentrate is formed by 115 
the procedure described in Example 16 but 
replacing the 3 - (2 - methoxybenzyl)p^id- 
azine by 3 - (2 - methyl - « - hydroxyimino- 
benzyl)pyridazine (25% w/v). The water- 
soluble concentrate thus obtained may be dis- 12O 
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solved in water and applied at a rate of 2 kg. 
of pyridazine derivative in 300 litres of spray 
fluid per hectare to a crop-growing area to 
be planted with cabbage to control the ger- 
5 mination and growth of Avena Fatua, Alope- 
curus myosuroides, Poa annua, Stellaria media, 
Polygonum spp. and Capsella bursa-pastoris 
by application to the soil followed by light, 
shallow mechanical incorporation, before sow- 

10 ing the crop. 

Similar water-soluble concentrates may be 
obtained by replacing the 3 - (2 - methyl - 
« - hydroxyiminobenzyl)pyridazine by a com- 
pound of general formula I wherein rep- 

15 resents a fluorine, chlorine, bromine or iodine 
atom or a methyl, ethyl, methoxy or ethoxy 
group, R2 and together represent the 
hydroxyimino group, R* represents a hydro- 
gen atom, and n represents zero or an integer 

20 from 1 to 5 inclusive. 

WHAT WE CLAIM IS:— 
1 . P5nridazine derivatives of the general 
formula: — 



(It") 



25 wherein R^ represents a fluorine, chlorine, 
bromine or iodine atom or an alkyi, alkoxy, 
alkylthio, alkylsulphonyl, nitro, trifluoro- 
methyl, cyano, alkoxycarbonyl, carboxy, 
aminocarbonyl, amino, monoalkylamino or di- 

30 alkylamino group, the said alkyl group and - 
the alkyl moieties of said alkoxy, alkylthio- 
alkylsulphony, alkoxycarbonyl, monoalkyl- 
amino and dialkylamino groups containing ^, 
from 1 to 6 carbon atoms, R^ represents a 

35 hydrogen atom or an alkyl group containing 
from 1 to 6 carbon atoms, R^ represents a 
hydrogen, fluorine, chlorine or bromine atom 
or an alkyl group containing from 1 to 6 car- 
bon atoms, or a methoxy, ethoxy or hydroxy 

40 group, or R^ and R^ together represent an 
oxygen atom or a hydroxyimino group, R* 
represents a hydrogen atom or an alkyi group 
containing from 1 to 6 carbon atoms, and n 
represents zero or an integer from 1 to 5 

45 inclusive, and agriculturally-acceptable salts 
thereof. 

2. Pyridazine compounds according to 
claim 1 wherein R^ represents a hydrogen 
atom or an alkyl group containing from 1 

50 to 6 carbon atoms and R^ represents a hydro- 
gen, fluorine, chlorine or bromine atom or 
an alkyl group containing from 1 to 6 carbon 
atoms or a hydroxy group, or R'* and R^ 
together represent an oxygen atom, and R\ 

55 R"* and n are as defined in claim 1. 

3. Pyridazine compounds according to claim 
1 wherein R^ represents a fluorine, chlorine, 
bromine or iodine atom or a mediyl, ethyl, 
methoxy or ethoxy group, R^ and R-^ each 



represent a hydrogen atom, or R^ represents 
a methyl or ethyl group and R^ represents ^ 
a hydrogen atom, or R^ represents a hydrogen 
atom and R^ represents a methoxy, ethoxy or 
hydroxy group, or R^ and R^ together rep- 
resent an oxygen atom or a hydroxyimino /it- 
group, R* represents a hydrogen atom, and n 
represents zero or an integer from 1 to 3 
inclusive. 

4. Pyridazine compounds according to claim 

3 wherein n represents zero, 1 or 2. 70 

5. Pyridazine compounds according to claim 
3 wherein n represents 1 or 2 and the sub- 
stituent(s) represented by the symbol R^ 
in the general formula depicted in claim 1 

is in the 2-position, or are in the 2,3- . or 75 
2,4-positions, of the phenyl group. 

6. Pyridazine compounds according to claim 
1 wherein R^ represents a fluorine, chlorine 
or bromine atom or a methyl, ethyl or meth- 
oxy group, R^ represents a hydrogen atom 80 
and R^ represents a hydroxy group or R^ 

and R^ together represent an oxygen atom, R* 
represents a hydrogen atom, n represents 1 
or 2 and the substituent(s) represented by 
the symbol R} in the general formula depicted 85 
in claim 1 is in the 2-position, or are in the 
2,3- or 2,4-positions, of the phenyl group. 

7. Pyridazine compounds according to claim 
6 wherein n represents 1 and the symbol R^ 
represents a chlorine atom in the 2-position 90 
of the phenyl group of the general formula 
depicted in claim 1. 

8. Pyridazine compomds according to claim 
1 wherein R^ represents a fluorine, chlorine 

or bromine atom or a methyl, ethyl or meth- 95 
oxy group, R^ represents a hydrogen atom, 
represents an ethyl group, R'* represents 
a hydrogen atom, and n represents 1 or 2 
and the substituent(s) represented by the 
symbol R^ in the general formula depicted in 100 
claim 1 is in the 2-position, or are in the 

2.3- or 2,4-positions, of the phenyl group. 

9. P5Tidazine compounds according to claim 
1 wherein R^ represents a fluorine, chlorine 

or bromine atom or a methyl, ethyl or meth- 105 
oxy group, R ^and R^ each represent a hydro- 
gen atom or R^ represents a hydrogen atom 
and R^ represents a methyl or methoxy group, 
R* represents a hydrogen atom, and . n rep- 
resents zero, 1 or 2. 110 

10. Pj^idazine compounds according to 
claim 9 wherein n represents 1 or 2 and the 
substituent(s) represented by the symbol R^ 
in the general formula depicted in claim 1 

is in the 2-position, or are in the 2,3- or 115 

2.4- positions, of the phenyl group. 

11. 3 - (2 - Chloro - « - hydroxybenzyl)- 
pyridazine, and agriculturally-acep table salts 
thereof. 

12. 3 - (2 - Chlorobenzoyl) pyridazine, and 120 
agriculturally-acceptable salts thereof. 

13. 3 - (2 - Methoxybenzoyl) pyridazine, 
and agriculturally-acceptable salts thereof. 
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14. 3 - [1 - (2 - Methylphenyl ) propyl ]- 
pyridazine, and agriculturally-acceptable salts 
thereof, 

15. 3 - (2 - Methylben2yl)pyrida2ine, and 
5 agriculturally-acceptable salts thereof. 

16. 3 - (2 - Methoxyben2yl)pyrida2ine, and 
agriculturally-acceptable salts thereof, 

17. 3 - (2 - Chlorobenryl)pyrida2ine, and 
agriculturally-acceptable salts thereof, 

10 18, 3 - (2 - Fluoroben2yl)pyrida2ine5 and 
agriculturally-acceptable salts thereof, 

19. 3 - (2 - Bromoben2yl)pyrida2ine, and 
agriculturally-acceptable salts thereof. 

20. 3 - (2 - Ethylben2yl)pyrida2ine, and 
15 agriculturally-acceptable salts thereof, 

21. 3 - (2,4 - Dimethylbeiizyi)p5rrida2ine, 
- and agriculturally-acceptable salts thereof.. 

22. 3 - (2,3 - Diniethylben2yl)pyrida2iney 
and agricxilturally-acceptable salts thereof. 

20 23. 3 - (1 - Phenylethyl)pyrida2ine, and 
agriculturally-acceptable salts tiiereof, 

24, 3 - [1 - (2 - Methylphenyl )ethyi]- 
pyrida2ine, and agriculturally-acceptable salts 
thereof. 

25 25. 3 - [1 - (2 - Chlorophenyl)ethyl]pyrid-* 
a2ine, and agriculturally-acceptable salt& 
thereof. 

26. 3 - [1 - (2 - Fiuorophenyl)ethyl]pyrid- 
azine, and agriculturally-acceptable salts 

30 thereof. 

27. 3 - [1 - (2 - Bromophenyl) ethyl Ipyrid- 
azine, and agriculturally-acceptable salts 
thereof. 

28. 3 - [1 - (2 - Mefthoxyphenyl ) ethyl ] - 
35 pyridazine, and agriculturally-acceptable salts 

thereof. 

29. 3 - [1 - (2 - Ethylphenyl)ethyl]pyrid- 
azine, and agriculturally-acceptable salts 
thereof. 

40 30. 3 - [1 - (2,4 - Dimethylphenyl) ethyl] - 
pyridazine, and agriculturally-acceptable salts 
thereof. 

31. 3 - [1 - (4 - Chloro - 2 - methyl- 
phenyl) ethyl] pyridazine, and agriculturally- 

45 acceptable salts thereof. 

32. 3 - [1 - 2,3 - Dichlorophenyl)ethyl]- 
pyridazine, and agricultuirally-acceptable salts 
thereof. 

33. 3 - (2 - Methyl - - methoxybenzyl)- 
50 pyridazine, and agriculturally-acceptable salts 

thereof. 

34. 3 - (:a,2 - Dimethoxybenzyl) pyridazine, 
and agriculturally-acceptable saits thereof,' 

35. 3 - (2 - Chloro - «: ^ methoxybenzyl)- 
55 - pyridazine, and agriculturally-acceptable salts 

thereof, 

36. 3 - (2 - Bromo - a - methoxybenzyl)- 
pyridazine, and agriculturally-acceptable salts 
thereof. 

60 37. 3 - (2 - Ethyl - a - methoxybenzyl)- 
pyridazine, and agriculturally-acceptable salts 
thereof. 

38. 3 - [1 - (3 - Chlorophenyl) ethyl] - 



pyridazine, and agriculturally-acceptable salts 
thereof. 55 

39. A pyridazine derivative conforming to 
the general formula specified in claim 1 and 
mentioned in Example 1, 2 or 3 other than 
a compound claimed in any one of claims 

11 to 38. 70 

40. A pyridazine derivative conforming to 
the general formula specified in claim 1 and 
mentioned in Example 4 or 5 other than 
the compound claimed in claim 12. 

41. Agriculturally-acceptable salts of a 75 
pyridazine derivative as claimed in claim 39 

or 40. 

42. Process for the preparation of pyridazine 
derivatives as claimed in claim 1 conforming 

to the general formula:— 80 




II 



(wherein R^, and « are as defined in claim 
1, R** represents a hydrogen atom or a straight- 
or branched-chain alkyl group containing 
from 1 to 6 carbon atoms, and R* represents 85 
a hydrogen atom or a straight- or branched- 
chain alkyl group containing from 1 to 6 
carbon atoms, or a methoxy, ethoxy or hy- 
droxy group) which comprises reacting a com- 
poimd of the general formula: — ■ 90 



III 



(wherein R^, R^ and n are as defined in 
claim 1, R' and R^ are as hereinbefore 
defined, and R^ represents a methyl or ethyl 
group) with an acid reagent capable of 95 
opening the furan ring, followed by reaction 
of the compound formed with hydrazine. 

43. Process according to claim 42 in which 
the acid reagent is phenol or a dilute aqueous 
ethanoiic solution of an inorganic acid, iOO 

44. Process according to claim 43 in which 
the inorganic acid is hydrochloric acid, 

45. Process for the preparation of pyridazine 
derivatives as claimed in claim 1 conforming 

to the general formula: — 105 



IV 



(wherein R^, R^ and n are as defined in claim 
1 and R* is as defined in claim 42) which 
comprises reacting a compound of the general 
formula: — 110 




(wherein R\ and n are as defined in 
claim 1 and is as defined in claim 42) 
with an acid reagent and hydrazine. 
^ 46. Process according to claim 45 in which 
the acid reagent is an aUcanoic acid containing 
from 1 to 3 carbon atoms. 

47. Process according to claim 45 in which 
the acid reagent is aqueous hydrochloric acid 
10 or formic acid. 

4S, Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
forming to the general formula: — 




15 (wherein RS R* and n are as defined in claim 
1) which comprises reacting a compound of 
the general formula: — 




VII 



(wherein R* is as defined in claim 1) with 
a compound of the general formula: — 

,.x,^.C^° VIII 

(wherein R^ and w are as defined in claim 1) 
by heating the compounds together in an 
mert organic solvent having a high boiling 
25 pojnt at a temperature at which carbon di- 
oxide is freely evolved from the reaction mix- 
ture. 

49. Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
30 forming to the general formula: — 




(wherein R\ R^ and n are as defined in 
claim 1, R« is as defined in claim 42 and 
R' represents a fluorine, chlorine or bromine 
35 atom) which comprises converting the hydroxy 
group of a compound of the general formula: — ' 




VIA 



(wherein RS R^ and n are as defined in claim 
1 and R** is as defined in claim 42) by known 
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melhods to a fluorine, chlorine or bromine 40 
atom. ^ 

50. Process according to claim 49 in which 
the compound is treated with a sulphur or' 
phosphorus halide at a temperature between 

20"* C. and the boiling temperature of the 45 
reaction mixture, optionally in the presence 
of an inert organic solvent. 

51. Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
forming to the general formula: — sq 




X 



(wherein R^ R^ and n are as defined in claim 
1) which comprises converting the hydroxy- 
methylene group of a compound of the gen- 
eral formula: — 55 

(wherein R^ R* and n are as defined in claim 
1) to a carbonyl group by known methods 
for the oxidation of a secondary alcohol group 
to a carbonyl group. 50 

52. Process according to claim 51 wherein 
oxidation of the alcohol is effected by treat- 
ment with chromium trioxide in dilute sul- 
phuric acid at ambient temperature or with 
potassium permanganate at a temperature of 65 
from 40*'C. to 60° C. 

53. Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
forming to the general formula: — 




70 



(wherein R^ and n are as defined in claim 
1, R' is as defined in claim 42 and R' 
represents a hydrogen atom or a straight- or 
branched-chain alkyl group containing from 
1 to 6 carbon atoms) which comprises the 75 
reductive dehalogenation of a compound of 
the general formula: — 




XII 



(wherein R^ and n are as defined in claim 
I5 R' is as defined in claim 42, R^ is as 80 
defined above, and Z represents a chlorine 
or bromine atom by known methods. 

^4, Process according to claim 53 wherein 
reductive dehalogenation of the compound is 
effected by hydrogenation with hydrogen 85 
under moderate pressure and and at a tem- 
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25 
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35 



40 



perature of from lO^'C. to lOO^C. in the 
presence of a hydrogenation catalyst and of 
a base in an inert organic solvent. 

55. Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
forming to general formula IV depicted in 
claim 45 which comprises the reductive de- 
halogenation of a compound of the general 
formula: — 



IX 



(wherein R^, R"^ and /z are as defined in claim 
Ij R^ is as defined in claim 42 and R^ 
represents a fluorine, chlorine or bromine 
atom) by known metiiiods. 

56. Process according to claim 55 wherein 
reductive dehalogenation of the compovmd is 
effected by hydrogenation with hydrogen 
under moderate pressure and at a temperature 
of from lO^'C. to 100°C. in the presence of 
a hydrogenation catalyst and of a base in 
an inert organic solvent. 

57. Process for the preparation of pyrid- 
azine derivatives as claimed in claim 1 con- 
forming to the general formula: — 



LII 



(wherein R^, R* and are as defined in 
claim 1) which comprises reacting a com- 
pound of the general formula: — 



X 



(wherein R^, R* and n are as defined in claim 
1) with hydroxylamine hydrochloride. 

58. Process for the preparation of pyrid- 
azine derviatives as claimed in claim 1 con- 
forming to the general formula: — 



(wheirein R% R* and n are as defined in 
claim 1, R^ is as defined in claim 42 and R^^ 
represents a methoxy or ethoxy group) which 
comprises reacting a compound of the gen- 
eral formula: — 



IX 



(ovherein RS R* and n are as defined in 
claim 1, R^ is as defined in claim 42 and R* 



represents a fluorine, chlorine or bromine 
atom) with an alkali metal methoxide or 
ethoxide. 

59. Process for the preparation of pjrid- . 
azine derivatives as claimed in claim 1 con- 
forming to the general formula: — 



(wherein R^ and n are as defined in claim 
1 and R^ is as defined in claim 42) which 
comprises the acid or alkaline hydrolysis of 
a compound of the general formula:— 



45 



50 



(wherein R^ and n are as defined in claim 
1 and R^'* represents a hydrogen atom or a 
straight- or branched-chain alkyl group con- 
raining from 1 to 6 carbon atoms or a cyano 
group), and decarboxylation of the resulting . 60 
mono- or di-carboxylic acid by heating at 
an elevated temperature. 

60. Process according to any one of claims 
42 to 59 followed by the step of converting 

the pyridazine derivative obtained into an 65 
agriculturally-acceptable salt. 

61. Process for the preparation of pyrid- 
azine derivatives of the general formula speci- 
fied in claim 1 substantially as hereinbefore 
described in Example 1, 2 or 3. 70 

62. Process for the preparation of pyrid-. 
azine derivatives of the general formula speci- 
fied in claim 1 substantially as hereinbefore 
described in Example 4, 5 or 6. 

63. Process for the preparation of pyrid- 75 
azine derivatives of the general formula speci- 
fied in claim 1 substantially as hereinbefore 
described in Example 7, 8, 9, 10 or 11. 

"64. Pyridazine derivatives of the general 
formula specified in claim 1 and agricultur- 80 
ally-acceptable salts thereof when prepared 
by the process claimed in any one of claims 
42 to 63. 

65. A herbicidai composition which coni- 
prises, as active ingredient, at least one pyrid- 85 
azine derivative as claimed in any one of 
claims 1 to 10, or an agriculturally-accept- 
able salt thereof, in association with one or 
more compatible herbicidally - acceptable 
diluents or carriers. 90 

66. A herbicidai composition according to 
claim 65 which contains a surface-active 
agent. 

67. A herbicidai composition according to 
claim 65 or 66 in the form of a wettable 95 
powder. 

68. A herbicidai composition according to 
claim 65 or 66 in the form of granules. 
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69. A herbicidal composition according to 
claim 65 in the form of an emulsifiable con- 
centrate. 

70. A herbicidal composition according to 
5 claim 65, 66 or 69 in which the diluent is 

water, 

71. A herbicidal composition according to 
any one* of claims 65 to 70 which contains 
0.05 to 90% by w&ight of at least one pyrid- 

10 azine derivative as claimed in any one of 
claims 1 to 10 or an agriculturally-acceptable 
salt thereof. 

72. A herbicidal composition according to 
any one of claims 65 to 71 which contams 

1 5 another herbicide in addition to the pyridazine 
compound. 

73. A herbicidal composition according to 
any one of claims 65 to 72 which contains 
in addition one or more insecticides, fungi- 

20 cides, plant growth regulators or fertilizers. 

74. A herbicidal composition according to 
any one of claims 65 to 73 in which the 
pyridazine derivative incorporated in the com- 
position is a compoimd daimed in any one 

25 of claincis 11 to 40 or an agriculturally-accept- 
able salt thereof. 

75. A method of controlling the growth of 
weeds at a locus which comprises applying 
to the locus a herbiddally-effective amount 

30 of a pyridazine compound in a herbiddal 
composition as claimed in any one of claims 
65 to 74. 

76. A method according to claim 75 in 
which weeds controlled by application of the 

35 herbiddal composition are one or more of 
Averta spp., Alopecurus spp., Setaria spp., 
Echinochloa spp.^ Elemine spp., BroTtms spp.y 
Digitaria spp,^ Ldium spp,, Poa spp., Pas- 
pdtmt spp., Apera spica-vmiiy Sorghum 

40 halepense, Agrapyron repenSy Agrastis spp., 
Holcus mollis, Chenopodium spp., Amarm- 
thus spp., Polygonum spp., stellarta spp., 
Gdlium spp., Lamium spp., Matricaria spp., 
Portulaca spp., Papcmer rhoeas, Capsella 

45 bursa-pastoris, Sinapis spp., TMaspi aruense 
and Veronica spp. 

77. A methwi according to daim 75 in 
which weeds controlled by application of the 
herbicidal composition are one or more of 

50 Monochoria vaginalis^ Rotala indica, Cyperus 
spp., Eliocharis spp. and Fimbristylis spp. 

78. A method according to claim 75 or 76 
in which the herbiddal composition is applied 
to a crop-^growing area at a rate suffident 

55 to control the growth of weeds without causing 



substantial permanent damage to the crop. 

79. A method according to claim 78 in 
which the crop is beans, cotton, peas, flax, 
sugar-beet, tomatoes, groundnuts, sun flowers, 
Brassicas, potatoes or a cereal crop. 59 

80. A method according to claim 78 in 
^vhich the crop is soyabeans, dwarf beans, 
tic beans, oil seed rape, cabbage, broccoli, 
Brussels sprouts, barley, wheat, sorghum, 
maize, rye or rice. 55 

81. A method according to claim 75, 76 
Or 78 in which the herbiddal composition is 
applied in a directional manner in an orchard, 
plantation or a shrubbery, so that the com- 
position is applied preferentially to the soil 70 
in which weeds are expected to appear. 

82. A method^ according to claim 81 in 
which the herbicidal coniposition is applied 
in a directional manner in a plantation of 
rubber, oil palm or sugar-cane, or in an area 75 
used for growing fruit bearing bushes or 
ornamental shrubs or bushes, so that the com- 
position is applied preferentially to the soil 

in which weeds are expected to appear. 

83. A method according to claim 81 in gQ 
which the herbicidal composition is applied 

in a directional manner in an area used for 
growing black currant or red currant bushes, 
so that the composition is applied preferen- 
tially to the soil in which weeds are expected 85 
to appear. 

84. A method according to any one of 
daims 75 to 83 in which the pyridazine com- 
pound is applied to the locus at a rate between 

1/4 and 8 kg. per hectare. 90 

85. A mediod of controlling the growth 
of weeds according to claim 75 substantially 
as hereinbefore descnbed. 

86. An article of manufacture comprising 

in combination a pjnidazine compound as 95 
claimed in any one of claims 1 to 41 or a 
herbiddal composition as daimed in any one 
of claims 65 to 74, a container for said 
pyridazine compound or said composition, 
and instructions physically associated with the IQG 
container setting out the manner in which 
the compound or composition contained 
therein is to be used to control the growth of 
weeds, 

J. A. KEMP & CO.,. 
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